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Update the original XYLOTRON 
project with the ability to “hear” 
a MIDI tune one time and play 
it back on command without 
being connected to a computer. 
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Build These Projects 
The X-Lock for X-10 Home Automation 
on Universal LCD Interface: 
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AUCTION BLOWOUT! 


Over 2,000 Items on Ebay! Many from Distressed or Bankrupt Dot-Coms! 


24GB Ultra SCSI DAT Tape Drives Cisco Routers and Hubs 
No Minimum Bids! Bids Start at $50 


Sun Workstations and File Servers 15,000 RPM Ultra 160 Hard Drives 
No Minimum Bids! $10 Minimum Bid 


Disk drives cost too much. Take advantage of dot-com closeouts and bankruptcies. We're 
liquidating thousands of PCs, hard drives, and accessories. Visit www.scsidrives.com and name your 
own price! Join our mailing list for advance notice when special sale items arrive! 


CORPORATE SYSTEMS CENTER 


3310 Weed ward Avenue, Santa Clara, CA 95054 (468) 598-1110 


rE Cirein th Carvl rl 
2 Sevrimman 2008 Vets © Vidlls Magucine Wela 878 Gf the Mander Corvice Cat 


iz 7) aT Ae Y ee > - is ¥ 1 
P Ta 24 Fy a an : ae a i 
We) Disk Drive Deais! Socket-7 

. Seagate ST19171WC, Unra-SCSI Wide ASAI } Motherboard 


3.5" atze, nalt-haight{1.5* tal) $.1GB 


therau d 
sa) Spindle speod: 7200 RPM 
haw Avarage accoss Uma: 9.7-10,.7 mS 
=) 


§ /f you're in Northern Calliorn a, 
Get Ready for yes 


he I 

Sank \/ 

saul, rg eG 
Sti itl 


Speciall...buy thle drive & gata £0. 
pin {8SCA23700) of &8-pin (aSCA2720) 


Powerreg. +11.S-14VDC lor AHCP, +15-19VDC 
for LHCP, 9 OW maa. (Powar suppty nel inci.) 
Comes wih LNB, installaton manual, cable 
guides, mounting hardware, cabls boots 
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ATstyle fits popular‘ machine 
and Futura Power’ computers 

Model No. ISP1208, 120W, 11ovAC 
Case measures 2.5° Hx a Wx 5.038" l 
Brand new! Bargain Priced! 90-day warranty 


HSC#18989 $19.95 


Pawar supply Included 

Four 5.25" and twa 3.5" front bays 
165° Hx8.25" Wx 165'D 
Brand new!, 90-day warranty 


HSC#80459 


Now units in anginal boxes! 90-day warranty 


HSC#18822 
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= ¥ NETWORK! 
Multi-PC Web Access... 
Save iioney! 
Up to 4 PC's on one phone line! 


$39.95 


| | Tiny Color Camera! 
i Camera-On-A-Board, mensures 1.87° x 1.37 5 1° 


Glass miero-tens element, not pinnalat 
Sid. NTSC composite videa output 
350 bnes horlz. 109, 7 tux sansitenty 
4-5. VDC, only 150 mal 
New. in OEM pkg (no box), 


HSC#18209 
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Tablet PC! 
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Perfect for homes/small business 

Share printers, send faxes, backup-files 
Proxy server for multi-PC internet access! 
Only one phone line needed for ISP connection 
Includes 4-port hub/56K modem & 1 network card 


If you want more than two PC's networked, you will need more 
network cards (HSC# 18493 $4.95) 


50 ft network cable, driver/installation manual CD 
OEM package, new, 90-day warranty 


90-day warranty 
$45.00 


Fuytsu ‘Stylus 1000" tablet PC, keyboard Laugh at lackouts! 


and Miemsot mousa packaga! 

Mono VGA dsplay, 260MB hard deve 
‘Super-shm keyboard for easy hanaing| 

Pulled from service, same seratcnes 

No docs/manualscftware or drrvers! Nota:Nanen! 
30-day warranty! 


HSC#80604 


‘Yuasa NPX-150A sealed teag aad battery 

Groat for UPS back-up or colar Systems 

Nominal Capacity: 10 hr rate of 4 04 to 10.5v 
{12 VDC © 40 Gan) 


‘Weight (apron): 34 2pounds 415. Skgs) 
Excellent candtion bulls, 90-day Hse waranty 


HSC#18917 


$29.95 


$99.00 


For over 35 years, HSC has been your best source for 


Electronic 


high-tech goodies from Silicon Valley! Haven't visited us 
Supply yet? You owe it to yourself to come see our constantly- 


changing, mind-boggling array of electronic Parts, equip- 
ment, computers, and scientific gear! Find out why knowl 
edgeable engineers, technicians and hobbyists make HSC 
their first stop for all their techno-shopping needs| 


! Toll Free (Orders Only) 1-800-4 HALTED (1-800-442-5833) 
World Wide Web: http://www. halted.com 


0 Ryder St. 
erie Clad cagso51 408-732-1573 


Terms: Some quantities limited; allitems are Subject to prior sale. Minimum order: $10.00 
plus shipping. Orders under $20.00 subject to $2.00handiing fee, i 

All orders shipped FOB Santa Clara, CA (this means you pay freight!) by UPS Surface 
(no P.O. Boxes) unless otherwise specified, in which case Prevailing carrier rate_plus 
$5.00 handlingtee may apply. Prepald orders that don'tinclude Shippi 


4837 Amber Ln. 
Sacramento, CA 95841 916-338-2545 


ing charges willbe 

shipped frelght COD. Thore Is a $6.00 UPS charge added to Shipning charges tor COD 

' 5681 Rodwood Dr. shipments. \tyouhave questions about your order, please call Customer Service at (408) 
Rohnort Park, CA 94928 707-585-7344 732-1854 M-F 9AM to SPM PST. 


Nuts & Volts Magazine Sertemeen 2001 


NOW AVAILABLE 


The 


Nuts & Volts 
BASIC 
‘Le Stamps 
< ., esse Applications from 
1 E= temperature and 
: time to telephones 
=» and networking. 
Volume 1. Applications #1-45 
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order Both y 
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$29.95 


is began authoring a applications, tips and hardware solutions _ 

PP projects in Nuts & with the BASIC Stamp that now spans over 754 
Tre column quickly became issues. Every project from talking parrot pet 
Volts readers and was trainers and measuring water level fo distrib- — 
over te Scott's handpicked uted factory control has been detalled with 

n Williams. Lon Glazner took BASIC Stamp programming tips sprinkled x 
atcut a year. Then Jon throughout. 

1é scene and is continuing mr 
Between these three talent- The Nuts and Volts of BASIC Stamps Is the col- 
25 a tremendous set of lection of these columns, 


Order through the Nuts & Volts Book Store today! 


Call our order only line at 1-200-782-4624. Or 
check out the On-Line Book Store at WwW. nutsvalts.com 
for all the details! 
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Gontents 


Call our subscription order only line at 
1-800-783-4624 
or our office at 909-371-8497. 


Columns 


AMATEUR ROBOTICS 82 Robert Nansel 
Heavy an Heavy Iron, philosophy, and beer, 


ELECTRONICS Q&A 18 Tj Byers 

What's Up: Audio, synthesizers, music, and sounds. Lights, lamps, and dimmers. 

How to make your own optical RS-232 link, Making an A/V and solar connection. 
{ Finally, a reader shares a discovery. 


LASER INSIGHT 56 Stanley York 


Construct your own light show to use with a HeNe laser or a diode bser 
pointer. 


STAMP APPLICATIONS 30 Jon Williams 
Too! Time. 
Check out a couple of freebie tools from Parallax. 


TECHKNOWLEDGEY 2001 
MEMS Coming of Age: Windows 
XP Coming in October; Free 
Access to IEEE 802 Networking 
Documents; The Dawn of the 
Digital Radia; Worldwide 
Computer Sales Fall; Avanti 
Executive Fined, Sentenced to 
Prison; and A Dim Ray of Hope 
for Internet Companies. 
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Articles 


XYLOTRON I! —THANKS FOR 
THE MEMORY 8 Bob Lang 
Update your original project with these modifications 
that give the XYLOTRON the ability to “hear” a MIDI 
tune one time and remember it, and play it on command 
without being connected to a computer. 


BOARDING THE UNIVERSAL SERIAL BUS: PICK THE 
SOLUTION THAT FITS YOUR PROJECT 14 Jan Axelson 
Discover three ways to add USS to a project. Each is best suited fora 

particular situation, so you can select the one that works for you. 


MIDI-MAN 23 Terence Thomas 


Looking to expand the capabilities of your home studio? Then look no 
farther — it’s MIDI-MAN to the rescue. 


GRAVITY, INERTIA, AND THE ELECTROMAGNETIC 
SPECTRUM — PART I 36 Richard Panosh 


Revisit the study ef physics and what it holds for the future magic of 
technology. 


LITTLE AUTO TUNERS FOR LITTLE 
RADIOS 44 Gordon West 
In special applications like maritime mobile, 
aeranautic mobile, or when you have a single wire 
with multiple bands of necessary operation, 
automatic antenna couplers that tune well beyond 
the capabilities of built-in automatic antenna tuners are a logical choice. 


BUILD YOUR OWN UNIVERSAL LCD INTERFACE 
5! Dennis Shepard 


Spice up your projects with an LCD display that offers a simple serial 
interface and includes the most often desired features. 


GETTING STARTED ONASHOESTRING 65 Tj Byers 
Just getting started in electronics, but don't have access to a lot of 


equipment or money? If you have $50.00 and a desire to learn, then you 
have the beginnings of a new hobby. 


OP-AMP COOKBOOK — PART 3: OSCILLATORS AND 
SWITCHING CIRCUITS 70 Ray Marston 


Take a look at some practical op-amp oscillators and switching circuits. 


THE PHONETESTER 76 Bill Stiles 


Test your own telephones, fines, and accessories with this handy device and 
“save a buck or two.” 


BUILD THE X-LOCK a7 Jeff Mazur 
Build this security module for your X-10 hame automation 
system and never worry about somecne inadvertently 

controlling your appliances, ete., again. 
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Events, Advances, and News 


From the Electronics World 2 OLY 17 


Advanced Technologies 
MEMS Coming of Age 


oo is nat a new concept in electronics. The trend became 
apparent in the 1950s, when the first transistor radios hit the market 
But more recently. engineers have started to think in terms of combining 
mecro-scale electronic and mechanical devices to create a new technological 
elsss. This has come ta be known as the science of "microelectromechanical 
systems” (MEMS). and it promises to provide reductions in size, weight, and 
power consumption ranging fram 1/10 ta 1/1,000. 

Implementation involves existing microelectronics technologies, as well as 
emerging pracesses such as microphocolithography, thin film deposition and 
patterning, precision etching and electroplating, and other techniques that are 
usually applied to IC 
manufacture. The def- 
inition also includes 
microfluidic tools 
such as microvalves, 
micro-propulsion 
nozzles, and tiny fluid 
transport systems. 

An important 
application is in small 
satellites, which tend 
to be classified by 
weight. Picosars 
weigh <1 kg, 
nanasats (see figure) 
range from | to !0 
kg. and micrasats 
weigh 10 ta 100 kg. 
Still in the planning 
stages are femasats, 
which would weigh 
<0.) kg. 

As an eamp'e of a MEMS device for satellite applications, a micro- 
thruster array measunng 
one-quarter of the size ofa 
penny has been develaped 
by TRW (www.orw.cam) 
far use on micro-. nano-, 
and pico-satellites, and it 
has already passed a func- 
tionality test aboard a 
Scorpius sub-orbital scund- 
ing rocker. Indridual micro- 
mlectromechanical system 
(MEMS) thrusters — each a 
poppy seed-sized cell fueled 
with lead styphnate propel- 
lant — fired more chan 20 
omes at one-second inter- 
wala during 2 tesr staged 
@ariier this year at the White Sands 
Mistiba Range. Each thruster delivered 
10** Newton seconds of impulse. 

The MEMS design. based on silicon 
Chip fabrication technology, has no mov- 
ing parts; wokzes a variety of propellants; 
 acalable! eliminates the need for mnks, 
(ial lines. and valves: and fully integrates 
tha structure of the satellite with the propulsion to power it The micro- 
Grcarer was developed by TRW slong with teammates Caltech and the 
Aaroepace Corp. under a contract from the Defense Advanced Research 
Projerra Agency 

Asrother intaresing MEMS application, developed at the Georgia Institute 
Gi Technology (www.gatech.edu/), is aimed at medical applications. 


Artist's conception of an orbiting nanosatel- 
lite, courtesy of The Aerospace Corp. 


The TRW Digital Micro- 
Thruster chip is designed to pro- 


vide “digital prapulsion” to small 
satellites. Courtesy of FRW, Inc., 
Space and Electronics division. 


GE Barremeee 2001 Sits & bits Magazine 


by Jeff Eckert 


Transdermal drug delivery is 
limited by the extraordinary 
barrier properties of the 
outer 10 to 1S mm of skin 
(stratum corneum). 
Conventional needles 
inserted across this barrier 
and into deeper tissue 
effectively deliver drugs, but 
can cause infection and 
pain. To create painless nee- 
dles, Georgia Tech 
researchers Devin 
McAllister, Sudhasinee 
Smitra, $. Henry, and Mark 
G. Allen have microfabricat- 
ed arrays of very short micrance- 
dies that are lang enaugh to pen- 
etrate through the stracum 
corneum, but short enough to 


This array of needles is designed 
for painless transdermal drug deliv- 


ery. Courtesy of Georgia Institute 
of Technology. 


avoid stimulating nerves chat lie in deeper 
tissue. According to the developers, they are 
mechanically strong, able to increase trans- 
dermal transport by more than four orders 
of magnitude, in vitro, and do not cause pain 
in human subjects. 

Finally, in the area of non-inertial micro- 
mechanical devices, Draper Labs 
(www.draper.com/) has developed silicon 
micromachined condenser microphones that 
are implemented on a single chip with inte- 
gral buffer amplification. Draper has conducr- 
ed fundamental research and development of 
unics that detect low frequencies (20 Hz to S 
kHz), as well as highly sensitive arrays of sen- 
sors for high frequencies (0.5 to 2.0 MHz). 
Micro-level chemical sensors and optical devices are also under development. 


A micromechanical con- 
denser microphone. 
Courtesy of Draper Laks. 


Computers and Networking 
Windows® XP Coming in October 


s of the last report from Microsoft (www.microsoft.com), the new 

Windows XP operating system is still on track for release in October, 
despite reservations expressed by the US Congress, many privacy groups, and 
some of the half million users who tested a preliminary version. The system 
initially included a "Smart Tags" feature designed to recognize keywords in 
accessed documents and steer you toward related Web sites. Many beta test 
participants found the feature annoying, particularly because it mostly suggest- 
ed web sives operated by Microsoft and its business partners. As a result, che 
Smart Tags will be removed from systems bought directly from Microsoft. 

In addition, a complaint has been filed wich the Federal Trade Commission, 
by Junkbusters Corp. (www.junkbusters.com), the Privacy Foundation 
(www. privacyfoundation.org), and a dozen other organizations about 
Windows XP features that collect ("Passport and "Wallet") and distribute 
("HailStorm”) personal information about users. (You can dawnload a PDF ver- 
sion of the 20-page document from www.epic.org/privacy/consumerims 
complaint.pdf.) 

According to the cornplaint, “Microsoft has engaged {n and Is engaging in 
unfair and deceptive trade practices Intended to profile, track, and monitor 
millions of Internet users." Existing web browsers use "cookies" to accomplish 
such things in a nodest way, but the data Is stored on your machine and can 
be readily deleted (Netscape users, for example, can just trash the 
MagicCoobie file), The Passport system, however, stores personal information 
— including pa:sveords — on Microsoft servers where they cannot be deleted 
by users. But don't worry. Microsoft representatives have promised not co use 
the infarrnation without your approval. And you do trust Microsoft, Don't you? 


Events, Advances, and News Fram the Electronics Worl 


Free Access to IEEE 802 Networking Documents 


Gihe Institute of Electrical and Electronics Engineers Standards Association 
[| (IEEE-SA) has launched what it calls the "Get IEEE 802™" pilat program, 
which grants public access to view and download individual electronic versions 

of IEEE Local and Metropolitan Area Network (802) standards. This is said to 
be the first time the IEEE-SA has made a series of standards widely available at 
no charge. 

IEEE 802® connectivity is a fairly low-cost concept, and the price of the 
printed standards alone could exceed the cost of implementation in hardware 
and software for some users. Therefore, in an apparent desire to make the 
specifications as widely available as possible, the IEEE-SA is offering free 
Acrobat PDF versions, which will be available six months after a particular 
standard's initial publication date. New IEEE 802 standards will be added to the 
program with this time delay. 

There are approximately 50 IEEE 802 LAN/MAN standards at present. To 
view and download the files, you just need to visit 
http://standards.ieee.org/getieee802/. 


Circuits and Devices 
The Dawn of Digital Radio 


i the gaad ald days, television was bland and limited to three networks, but 
at least it was free. Now most of us pay substantial monthly fees for cable 
——— a satellite 
broadcasts 
chat (usually) 
provide bet- 
ter reception 
and offer a 

| much wider 
variety of 
bland pro- 
grams. We are 
still accus- 
tomed to free 
radio broad- 
casts, but by 
now you 
should be 
feeling the 
winds of 
change in that 
area, as well. 
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AM-FM car and table radios, but include some circuits that authenticate you 
a paid subscriber. They also will cost a bit more. 

For example, Pioneer will offer twa add-on tuners that can be fitted to 
your existing radio for $199.00 and $249.00, depending on whether you want — 
a digital display and remote control.A complete receiver/tuner package will 
run $399.00. Other units will cost up to $1,200.00, depending an the options 
selected (tape deck, CD player, etc.). Digital transmissions are scheduled to 
begin this fall, and receivers (which will also be available fram Alpine, Jensen, 
Kenwood, Panasonic, and Sony, among others) should be on sale in time for 
Christmas. 


Industry and the Profession 
Worldwide Computer Sales Fall! 


ccording to market analysis company IDC (www.ide.com), the worldwide 

FC market was stagnant in the second quarter of 2001, and sales for the 
year may decline for the first time in the history of the personal computer. 
Shipments totaled 29,783,000 units, as compared with 30,383,000 during the 
same period in 2000, for an overall decline of two percent The picture was 
even worse in the US, where Q2 shipments in 2000 and 2001 were, respec- 
tively, [1,426,000 and 10,501,000, for a drop of 8.1 percent The only major 
computer company showing a gain was Dell, with worldwide unit sales increas 
ing from 3,459,000 to 3,979,000, for a 15 percent increase. (Earlier this year, 
Dell became the number one PC manufacturer, taking the title away from 
Compaq.) Major losers included Compaq (down 10.5 percent), IBM (down 
percent), and Hewlett-Packard (down 8.6 percent). IDC predicts that the Pi 
market will be flat to negative for at least the rest of the year. 

With computer prices dropping faster than unit sales, profits alsa have 
been widely dismal so far this year. In July, Compaq reported a $279 million 
quarterly loss on $8.5 billion in revenues, including a $493 million restructuring 
cost. This compares unfavorably with the company's $388 million profit on 
$10.1 billion in revenues during the same quarter of 2000. Compaq is predict- 
ing a further decline in the third quarter. 

Similarly, Hewlett-Packard's revenues have dropped, and it is now predict- 
ing third-quarter revenues of about $10 billion, which is off about !5 percent 
from last year's $1 |.8 billion level. HP laid off |,700 workers in January, anoth- 
er 3,000 in April, and has announced plans to let another 6,000 ga by the end 
of the year. In addition some 80,000 employees have accepted pay cuts and 
unpaid vacations. 

Apple Computer managed to stay in the black, with a net profit of $61 
million for the quarter that ended June 30, on revenues of $1.5 billion. 
However, this represents a decline from $200 million from revenues of |.8 bil- 
lion. The company shipped 827,000 Macintosh® computers during the quarter. 
Continued on page 4. 


One of two telescoping solar 
wings aboard “Roll,” a Boeing 
702 satellite built for XM 
Satellite Radio. The 9,800- 
pound, 18 kw spacecraft gen- 
erates 3,000 W of RF power. 
Courtesy of Boeing Satellite 
Systems, Inc. 


On the transmission end, two 
satellite radio service providers are 
almost ready to get started. XM 
Satellite Radio, Inc. 
(www.xmradio.com/) and Sirius 
Satellite Radio, Inc. (www.siriusra- 
dio.com/) will bring you !00 channels 
of music, news, weather, sports, etc., 
for, respectively, $9.95 and $12.95 
per month. Broadcasts will be 
offered in English plus Spanish, 
Mandarin, Cantonese, Hindi, and 
Japanese, and perhaps others In the 
future. Both systems use geasyn- 
chronous satellites and terrestrial 
repeaters to beam the signals to you. 


Test Equipment 
From $99.00 


ATC modules provide for affordable pe based testing 
DSO, DVM, Spectrum Analyzer, Data Logging 
O-Scope Ip and O-Scope II Single and dual channels 
Serial a protocol analyzer software package 
DFA 5§ low cost differential amplifier 


Standalone digital oscilloscopes from HiRel and TPI 


Pico Technology LTD Icads in low cost pe based 
modules for test and data logging. Units to 1OOMSPS. 8 
to 16 bits, 1 to 22 channels. Environmental monitoring. 
Science education with DRDAQ. Pricing from $99 


ols for the imagination 


With dozens of embedded 
/ controllers and countless 
configurations, we can help 
you turn your imagination into reality. 
For a complete look at our product line, 
visit our website at www.micromint.com. 


On the receiver end, you will 
need a digital radio that picks up sig- 
nals In tha 2,320 to 2,345 MHz 
ranga. The recaivers use short exter- 
nal antennas and resemble existing 


Allison Technology Corporation 
2006 Finney Vallet Rd. Rosenberg, TX 77471 
PH: 800-980-9806 or 281-239-8500, FAX 281-239-8006 


http://www.atcweb,com atc@ateweb.com 


e AN 
Micromint 
(800) 635-3355 
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www. micomint.com 


Circla 438 an tha Reader Service Card. 


XYLOTRON It 


Tanks for the Memory j 


by Robert Lang 


Figure 1. Original XYLOTRON Design 


INTRODUCTION 

Since publishing the XYLOTRON 
article in the Oct. 2000 issue of 
Nuts & Volts, the XYLOTRON circuit- 
used to MIDI enable 
a number of musica! 
duding a harpsichord, 
, and a pipe organ. Several 


XYLOTRON arcuitry from Reference 
1 can play music if not connected to 


nal XYLOTRON design 
gure 1 did not have the 
ability to play music unless if was 
to a Computer and MID 
data was bein q downloaded in real 
time. After lugging a computer 
ral dernonstrations, | 
conclusion that the 
XYLOTAON should have a computer- 
dependent mode of operation. 
Ths article wwii discuss the c 
cuit and software modifications nec- 
@isary 0 Give the XYLOTRON the 
25s io “haar” a MIDI tune one 


time ard remember it, and play it 
on command without being con 
nécted to a computer. This article 
aiso provides some useful inferma- 
tion on interfacing large external 
memory chips to a microcontroller. 


HARDWARE CHANGES 


There were no changes to the 
solenoids ar solenoid driver board a5 
described in Reference 1. All the 
changes were made on the micro- 
controller arcuit beard. The hard- 


ware changes to the KYLOTRGN con- 


sisted of come reining, the addition 
cf a serial EEPROM, ard two input 
switches to control the mode of 
operation as chow in Table 1. The 
total cost was less than $5.60. The 
modified schematic for the 
XYLOTRON Ii is shows in Figure 2. 
The EEPROM is electrically eray 
able memory that does not lose its 
information when the power is 
turned off. The EEPROM chosen 
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was the 24LC256 fram Microchip. It 
Stores 32k bytes of information. It 
uses the two wire inter-integrated 
circuit (12C) serial interface with a 
maximum clock frequency of 400 
hHz. It has a Sms maximum write 
cycle time for up to 64 byte pages. 


REFERENCES SOURCES 


Reference 1. October 2000 
incu of Nuts & Volts 
for the original 7PLOTRON article. 


Reference 2. Microchip 
Application Note 4735 
af Richard Fiseher for 
information on interfacing 
tnemory chips 'o ticrachip 
microprocessors using IZ. 


Reference 3. ATIOIRON webs page 
http://www2.netdaar.com/~rlan 
g/xylotron/xylotron.htm for 


The 24LC256 data retention is 
greater than 200 years and it is 
guaranteed far 100,000 erase/write 
cycles. It is all conveniently pack- 
aged in an eight-pin PDIP package. 
The addition of the EEPROM 
was done using the I2C pins on the 
Microchip 16F877 microcontroller. 
Unfortunately, in the original design 
these pins (18 and 23) were being 
used as note output pins. The new 
software redirected these outputs to 
pins 2 and 3 on the 16F877. The 
previously unused I/O pins 5 and 6 
on the 16F877 were used as inputs 
on the new design. 1/0 pin A2 (pin 
4) was used to contro! an LED that 
indicated when the real time clock 
was running. The RTC only runs 
when the XYLOTRON is reading or 
writing to the EEPROM. 

Figure 3 shows the prototype of 
the XYLOTRON II on a breadboard. 
Figure 4 shows the madified 
XYLOTRON board with the hard- 
ware changes necessary to make it 
a XYLOTRON II. The hardware modi- 
fications allowed the XYLOTRON i 
to remember about 65,635/96=683 
seconds of music or 32726/8=4090 
nates, whichever comes first, using 
a 32K byte serial EEPROM chip. 
Each note required eight bytes of 
storage: four bytes far the NOTEON 
and four bytes for the NOTEOFF. 
The format is given in Table 2. The 
only MID! infarmation stored in the 
EEPROM is NOTEON and NOTEOFF. 
Tabie 3 is a list of the parts needed 
to create the XYLOTRON II. 


SOFTWARE CHANGES 


The majar changes in the 
XYLOTRON software were the 
changing fram a polling system to 
an interrupt driven system and the 
adding of the software to service 
the external memory. The source 
coding for the XYLOTRON II is writ. 
ten in Microchip assembly language 
and the commented source is avail- 
able for free download from 
Reference 3. If you don't want to do 
the chip programming yourself, pre- 
programmed 16F877 chips are also 
available at Reference 3. 

During the busiest time — 
MODE=1 — the XYLOTRON may be 
running three time critical processes. 
The first pracess is the update of 


software and preprogrammed 
16F877 microprocessors. 


Reference 4. Microchip Web Page 
www.microchip.com 


Reference 5. Peter Anderson at 
www.phanderson.cam for 
Mmicraprocessars and memory. 


Reference 6. Electronix Exprass 
al www.elexp.com far 
electronic parts, 


Reference 7. Jamecu, Inc., at 
http://www, jameco. com for 
@lectronic parts, 


the real time clock (RTC). The tick 
counter is incremented once every 
1/96 second. This is accomplished 


OPTION 


Real Time Clock Interrupt MID! Interrupt EEPROM 


‘ i mber MIDI, Disabled 
by using the TIMERO of the , : : pte ee on/reset test elias enused 
16F877. The input to the TIMERO 1 0 1 Do remember MIDI, fnabled Enetlen Write 
is FOSC/4/PRESCALER. With a Narmal power on/reset test 
FOSC of 20 MHz and 2) 1 0 Don't remember MIDI, Play Enabled during Disabled Read 
PRESCALER=256, the update fre MIDI on power on/reset test reset test 
quency is 19531/sec. By initializ- 3 1 1 Dump EEPROM contents at Disabled Disabled Read then 
ing TIMERO to a value of 53, 9600 BAUD. If S2 is now turned Write 


there will be a rollover interrupt off the EEPROM is erased. 


96 times per second. 

The second critical process is 
the receiving of the serial MIDI 
data. This data is sent from the 
computer at the proper time to pro- 
duce a note in a song. The data 


Table 1. Input Switch Setting 


MID] COMMAND 


BYTE 1 BYTE2 BYTES BYTE4 


F q NOTE ON MSE of time of MIDI event. LS8 of time 91 The MID! note 
must be received and processed in The time is units of ticks from of MIDI event to be played, 0-FF) 
real time. This process is also inter- the start of the music. 1 tick = 


Tupt driven. 

The third process is the storage 
of the MIDI data along with the 
time it is received. This allows the 
XYLOTRON II to remember a song 
and later play it back without being 
connected to a computer. Each of 
these time-critical processes will be 


described in some detail belaw. X Y [_ O T R O N J I C p U B O A R D 


1/96 second 
NOTE OFF MSB of time of MIDI event LSB of time 81 The MIDI note 


of MIDI event to be played, 0-FF) 
Table 2. EEPROM MIDI Data Storage Format 


REAL TIME CLOCK ascit Output 
iB TIIN T1OUT 

The real time clock is enabled in cea 12 = AZIM. Teour 

MODES 1 and 2 when MIDI data is REI 22 | poouT RQIN 

being recorded to the EEPROM or Ree pe oan 3 GND 

MIDI data is being played from the [ an? Ci+ ez 

EEPROM. The real time clock is reset i Ro6 1 Ci- 

and started when the first MIDI RDS vu- 

event is received in record MODE1 Bo z a co 

or the PLAY_SONG routine is called ‘ AD2 

to play the recorded song. The 16 Rol 

bit real time clock counter is incre- 

mented 96 times per second via the ac? 

TIMERG interrupt. The real time Ree 

clock is automatically disabled when Bee 

the count reaches 65,635 or about RC3 

683 seconds. F RC2 


RCI 


MIDI DATA PROCESSING Rca 


Re? 
x ' Highest 
A byte of MIDI data received in 1Qhest pas 


Note pas 
MODES 0-1 will cause an interrupt. ; aes 
The interrupt routine receives the . a9 
byte. If the byte is a MIDI status E Rea 
byte, the mode is stared (91 is apa 
NOTEON and 81 is NOTEOFF). If the I - 
byte is a MIDI data byte and the Ana 
current mode is NOTEON or NOTE- aaa 
OFF, then the data byte will be RAZ 
stored as NOTE and the next byte Ral 
will be read and stored as VELOCI- 


Bp 
TY. The proper 16F877 note output 16F 87? hatetodenes + ay Tune 
line will then be activated or deacti- 3 

vated. 


Figure 2. XYLOTRON Il Schematic 


Lh gale IEVAL ill ds to write the d 
GE/RETR milliseconds to write the data. 

STORAGE/ RMOEED (el areca PART DESCRIPTION SOURCE 

In MODE 1 when the first byte sequentially four bytes at a time R10,R3,R4 1/4 watt 560 ohm resistor Reference 6 
of MID! information is received, the starting at location 0000 in the EEP- R6,R8 1/4 watt 4.7k ohm resistor Reference 6 
real time clock is started. Next, the ROM. The first two bytes are checked Ic3 24LC256 EEPROM Reference 5 
real time clock 16 bit value, the against the RTC. When they match, $2,853 SPST switches Reference 6 
MIDI status byte, and the MIDI note | the next two bytes are used as the D2 LED Reference 6 
are saved in the format shown in MIDI mode and note and are played. Ica MAX233 RS-232 Interface Reference 7 
Table 2 in a temporary four-byte Then another four bytes are read. Chip (optional for testing) 
buffer area starting at address 20H. : 
When the buffer is filled, itis wit. | A BUMPY START Table 3. XYLOTRON II Parts List 
ten to the EEPROM. The data is 
transmitted serially to the EEPROM The first task in the program external 24LC256 EEPROM. There thought this would be straightfor- 
at a 400k bits/second and, upon development was to develop soft- are only two wires connecting the ward. 
receipt, it takes a maximum of five ware to write and read from the 24LC256 to the 16F877, so | There are some application 
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Figure 3. Prototype of the XYLOTRON II Hardware 
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Figure 4. Completed XYLOTRON II Microcontroller Board (Modified XYLOTRON board) 
notes available for free from 
tMicrochip (Reference 4) that explain 
hows the 12C synchronous interface 
to the EEPROM memory works. 
Unfortunately, there are so many, 
that it is possible to get very con- 
fused. One source of confusion is 
that Iicrochip provides technical 
application notes on how to imple- 
ment I2C protocol in software on 
microcontroller chips that do not 
have an (2C interface module 
(t4SSP) built in. 

Another source of confusion is 
that the addressing scheme differs 
depending on the mernory chip. 
Microchip has expanded the !2C 
interface specifications to allow 
addressing up ta 2b. They have 


@ aed 33 are tumed on to begin ASCII dump of EEPROM, 

Ge 985 77 91 37 GO 82 81 37 00 26 91 2E 00 91 81 3E 00 95 91 37 
91 38 OG AO 81 38 00 AO 81 37 00 44 91 3E 00 AF 21 3E 

391 4 00 83 91 37 OO BE 81 37 00 BE @1 3E G0 C2 91 3E 


7 00 DF 91 3£ 00 Es 21 3E OO EE 91 39 
1 39 60 FD 91 3£ 01 68 81 3E 


Table 4, Example of 
MODE3 Dump of 
EEPROM MIDI Data 
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done this by adding an additional 
address byte when transmitting the 
address to the EEPROM. There is 
also confusion in how to send data 
to the EEPROM by using or not 
using interrupts. 

One of the best 12C application 
notes is Reference 2. | followed the 
examples as best | could because 
there was no example far doing 
exactly what | wanted to do, which 
was use the MSSP hardware mod- 
ule on the 16F877 microcontroller 
to read and write data blocks to a 
24LC256 EEPROM using polling. 
The Microchip documentation 
describes many ways that might 
wark: testing the buffer full (BF) bit, 
testing the acknowledge received 
(ACKSTAT) bit, testing the receive 
enabled (RCEN) bit, testing the SSP 
interrupt flag (SSPIF), etc. For over a 
month, | tried all possible combina- 

tions that | could think af and got 
absolutely nowhere. The EEPROM 
would not respond. 

| reviewed all the available 
material on the internet, contacted 
Microchip by email a couple of 
times, and posted several messages 
to the Microchip online discussion 
groups. There were many appeals 
for help with this same type of 
problem. Finally, | was beginning to 
think | had a faulty memory chip 
when | made one mare email to 
Microchip tech support. | sent my 
circuit diagrams and assembly 
source code. | received a quick reply 
from Ken Dietz that included some 
snippets of assembly language. 

Comparing his source to mine, | 
was able to get single byte reads 
and writes working and then got 
the block reads and writes working 
It seems the key to getting the 
source to work was clearing and 
checking the SSPIF bit in the PIR1 
register after each write or read 
even when not using interrupts. My 
working assembly language source 
is available at Reference 3 free of 
charge. 


SETBACK #2 


Once the memory problem was 
overcome, | had a working system. 
It would record and play songs with 
one problem. If the song was very 
fast, data would be lost in the 
record phase. The reason for this 
was that the EEPROM takes five mil- 
liseconds to write the data internally 
once it is received from the micro- 
controller. If an attempt is made to 
send more data while the internal 
write is in progress, it is ignored. it 
is important to note that it takes 
five milliseconds to write one byte 
or 64 bytes. 

The solution was to implement 
a dual buffering system with 64 
bytes in each buffer rather than the 
initial single four-byte buffer, One 
buffer is marked ACTIVE and the 
ather is marked INACTIVE. When a 
MIDI input interrupt occurs, the 
MIDI data is written four bytes at a 
time to the ACTIVE buffer. When 


the active buffer is filled it is 
marked as the FULL INACTIVE 
buffer and the other buffer is 
marked ACTIVE. 

New MIDI data will now be 
written to the new active buffer. A 
background task is always checking 
to see if the inactive buffer is full. If 
the inactive buffer is full, then it is 
dumped to the EEPROM and then 
marked as EMPTY. The alternating 
of the active and inactive buffers 
continues while MIDI data is 
received and stored, 

Since the buffer is only dumped 
to the EEPROM when it is filled, it 
may be necessary to send a few 
extra notes along at the end of the 
song to flush the contents of the 
buffer to the EEPROM. These extra 
notes will be silent as long as they 
are not in the active note range of 
the XYLOTRON. The active note 
range is the chromatic range from 
C4 through C6 ar MIDI notes 48- 
72. 


PROGRAM FLOW 


When the program starts or 
the RESET button is pressed, the 
program first reads the data switch- 
es, S2 and 3, and sets the mode 
as shown in Table 1. In MODEO, the 
power on/test note sequence is 
played and then the MIDI interrupt 
1s enabled. In MODE1, the power 
on/test note sequence is played and 
then the MIDI interrupt is enabled 


Figure 5. 
Musical 
Representation 


of Data in 
Table 4 


and the RTC interrupt is enabled on 
the receipt of the first MID! byte. 
MIDI data is written to the EEPROM 
until it is filled or the RTC count 
overflows. 

In MODE2, the RTC interrupt is 
enabled and the MIDI data is read 
from EEPROM and the recorded 
song is played. In MODE3, the MIDI 
data stored in EEPROM is dumped 
out at 9600 baud on pin 25 in the 
format shown in Table 4. The MIDI 
data shown in Table 4 corresponds 
to the music shown in Figure 5 

When two notes have the same 
start time, then they are part of a 
chord. The data can be viewed on 
any computer with a serial port and 
a communications program if the 
optional MAX233 chip has been 
installed. 

Viewing the contents of the 
EEPROM is sometimes useful in 
debugging. If, during the dump 
process, the $2 switch is turned off, 
the program will begin to zero the 
external EEPROM memory 64 bytes 
at a time starting at location 0000 


HOW TO USE THE NEW 
FUNCTIONS 


In order to use the new func- 
tions, first the XYLOTRON II must 
be started in MODE 1 by setting 
switches $2 and S3 with the MID! 
input connected to a source of 
MIDI data like a computer or MID! 
keyboard. When the first note is 
played on the computer or MIDI 
keyboard, the XYLOTRON II will 
begin remembering all NOTEON 
and NOTEOFF data on MIDI chan- 
nel 1. The recording will continue 
for 683 seconds or 4,090 notes, 
whichever comes first. The LED on 
pin 4 (D2) of the 16F877 will be lit 
during recording and playback indi- 
cating that the real time clock is 
running. 

To play the recarded tune, turn 
the power off. Change the switch 
settings to MODE 2. Turn on the 
power and the recorded song will 
play. Hitting the reset switch (51) 
will cause the song to restart at the 


beginning. Setting the switch set- 
tings to MODE 0 is equivalent to 
the old XYLOTRON function. 
Setting the switches to MODE 3 will 
display or erase the entire EEPROM. 


CONCLUSION 


With a minimum of hardware 
and same major software changes, 
the original XYLOTRON design has 
been improved by adding the ability 
to hear a MIDI tune one time, 
remember it, and play it on com- 
mand without being connected to a 
computer. NV 


Robert Lang is a profes- 
sional electrical engineer 
interested in robots, MIDI, and 
music. He has written several 
articles for computer, electron- 
ics, and synthesizer magazines. 
He welcomes your comments 
and can be reached at 
rlang@netdoor.com. 
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Dear Nuts & Volts: 

| bought your magazine for the first time and 
enjoyed reading your articles. It so happens that I 
recently have been interested in getting more 
information about Op-Amps and | saw the article 
“Part 1 Op-Amp Basics” by Ray Marston. 

In reading the article, | noticed on page 17 in 
Figure 10(b) that the Out-Vinx(R1+R2)/R2. But in 
the diagram. only resistors R3 (twice) and R1 are 
shown. 

Would you please correct this so that I can 
knew what is the true value of Vout. As | said, | 
am very much interested in knowing the right 


answer, 
Thank you and I'm laoking forward to your 
response. 
LY. 
Grafton, MA 
Response: 


This is the corrected version of the original 
Figure 10(b), which contained tua errors. 

! generated the old artwork at 3am ona 
cold November day last year, when | was 
apparently rather tired. 


m2 
t=] 


Figure 10(b). Basic 
non-inverting AC 
amplifier circuit. 


Please accept my apology for the errors. 
Ray Marston 


Dear Nuts & Voits: 

In Ron Russ’ June ‘01 article “Building a 
Flash Programmer for PIC Microcontrollers,” the 
schematic calls for a switching transistor, Q1. 

What is the part number for Q1? Is this just a 
garden variety switching transistor? 

Dave Gianna 
via Internet 


Response: 
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Viking Systems hnternafional 100 torn tia Drive 142, Bostane, CA 94005 


Phone (415) 467-1226 + Fax: (415) 467-1221 + Web: www.vikingintcom 


The transistor | use is a 2N4401A or equtiva- 
lent. 
Ron Russ 


Dear Nuts & Volts: 

Thank you for sending me a complimentary 
copy of your magazine. 

! am one of the authors of a senior high 
school program called: Electricity and Electronics 
Technology, by Buban, Schmitt, and Carter. The 
program is published by Glencoe McGraw-Hill. 
This is the 7th edition. 

The program consists of a Text, Teacher's 
Resource Guide, and Student Workbook. 

The web site that lists our program is: 
www.glencoe.com. We have cited your magazine 
as one of several links for teachers. 

! feel that teachers and their students can 
lear a lot from the products, articles, and other 
Tesources that your magazine provides. 

Marshall L. Schmitt 
Springfield, VA 


Dear Nuts & Volts: 

I was surprised at the answer yau printed in 
| the July 'O1 issue for question #6016. Not 
because you did not print my answer, but the text 
of those that you did print. 

Question 6016 was “How can [ convert a 
three-phase motar to single phase?” Answer #1 
| “The short answer is you can’t...” Answer #2 
' “Rewind it” is impractical. Depending on the 
horsepower, this is so simple, it surprises me that 
_ no one describes how. You simply need to con- 
| nect an AC capacitor between either line to the 

third line to create the third phase. 

The capacitor must be able to withstand the 
voltages involved and AC current. This method 
works far low HP motors, but you must experi- 
ment with the values of the capacitor so that the 

| voltages are the same across all three lines. If the 
| voltage is too low, then more capacity must be 

' added. If too high, then some must be removed. 

, Capacitors can be connected in parallel to 

| increase capacity, or in series to increase voltage 
| fating. 

For higher HP motors, the means must be 

; provided to switch extra capacitors into the circuit 
until the motor starts. This can 
be done with a hand- operated 
relay or a current relay such 
as those found in ordinary 
household refrigerators. These 
are called static converters 
because they contain no mov- 
ing parts. Building a rotary 
converter is another story, but 
is very simple to do. 

| have used those methods 
to pawer my machine shop 
since 1952 without any trou- 
ble. 

The US Department of 
Agriculture prints a booklet 
describing those methods, so 
that should be proof that it 
works. 

J can write many pages 
describing those methods and 
also using ofdinary induction 
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Princeland Court, Corona, CA 
92879. 


New program automatically 
catalogs your CD music 
callection without typing 
a thing 


D Trustee is a new Windows 

program that catalogs your music 
collection, just by inserting and 
removing CDs in your computer. It 
accesses an Internet database to gath- 
er the artist name, album title, song 
titles, music genre — and more — 
automatically. None of this informa- 
tion exists on a music CD. The CD 
Trustee program compares a unique 
code on the CD with an Internet 
database containing information on 
over 880,000 CDs. This database is 
constantly kept up-to-date, with new 
albums added every day. 

Simply press a button that says 
“Add CD's Automatically." You then 
insert a CD in the drive and wait a 
few seconds while the program reads 
the unique code and autamatically 
ejects that CD. You continue to insert 
all your CDs this way. When done, 
simply press another button to access 
the Internet, and sit back while your 
database is built for you. Additional 
data can be added manually, such as 
the location of the disc, your ratings, 
or whether you loaned it to a friend. 

The entire process happens very 
quickly, taking only seconds per CD. 
You can catalog a large collection in a 
few hours, instead of the weeks it 
would take manually. You can then 
print reports, quickly find an artist, 
album, or song, or print jewel case 
inserts containing the list of songs. You 
can print cover images for insertion 
into a jewel case, or play a CD and 
have the artist, album, and song title 
displayed automatically. 


CD Trustee is $29.95 (US), but a 
$10.00 discount is currently available. 
The program runs on computers that 
use Microsoft Windows. See 
hetp://www.base40.com for screen 
shots, to order, or to download a free 
trial copy. 


PLCs that are programmable 
over the Internet 


rhe new T|OOMD&&8+ program- 
mable logic contraller (PLC) is 

fully programmable over the Internet 
using any Java-enabled web browser. 
The programming software: Internet 
TRILOGI is a client/server software 
suite. The client portion is a Java 
applet that runs off any web-browser, 
giving users the ability to remotely 
program, monitor, or contro! the PLC 
via the Internet. The server portion is 
any PC running the TLServer software 
and connects to the PLC via serial 
link. 

Features of the TIOOMD888+ 
include eight digital inputs, eight digital 
outputs, and eight analog I/Os. It also 
has two MODBUS compatible serial 
ports and two |0A PWM outputs. 
The built-in 14-in LCD port is com- 
patible with most LCD modules up to 
4 lines x 20 characters. 

The PLC is programmed using a 
unique LADDER + BASIC language 
which combines the relay-ladder logic 
language common in most industrial 
PLCs with a BASIC language inter- 
precer to handle math with ease. 

Unit selling price of the 
TIOOMD888 is $199.00. The Starter 
Ki chat includes the Internet PLC, the 
TRiLOGI software, and the pragram- 


READER FEEDBACK conmnuep ... 


motors like found in a washing machine into 110V AC generators. 


Dear Nuts & Volts: 


| really liked Ed Driscoll, Jr.'s "Raiders of the Lost Mainframes." It's not easy to be 


Francis Hillibush 
Ringtown, PA 


bright and funny in an electronics article. He was. 


It was fun. Hold on to him! 


Dear Nuts & Volts: 


| was delighted by the very informative article "Raiders of the Lost Mainframes, 


Silicon Valley's Computer History Center" in your July '01 issue. 


Please inform your readers that whereas The Computer History Center is proba- 
bly the largest and best-funded computer museum, there are several other computer 
museums run by knowledgeable and dedicated volunteers that collect, preserve, and 


refurbish old computers for public display and historical research. 


In New England, for example, there are the Rhode Island Computer Museum in 
North Kingston, RI (see www.osfn.org/ticm), and the RetroComputing Society of 
Rhode Island in Providence, RI (see www.osfn.org/res). Please stop by their websites 


and, when in New England, stop by for a visit. 


Geoffrey Rochat 


ming cable sells far around $259.00 


International, Inc., for more derail at 


Travis Hardin 


Go Wireless With Our Modules 


The TXM and SILRX modules aes iT 
ter and recelver palr which can achii a 
radia data link-up to a distance of 200m 
gtound. 
Both units are supplied In space-saving sin- 

controlled, wide 

applications including car and 
inventory trucking, remote ind: 
and computes networking. 
Because of thelr small sie 


ew 
ropen 


gle Inline packages and offer SA\ 
band FM tranamisslon/reception. 
The modules are panticularty sulted to bat- 

lery-powered, 
porlable applica. 
Uons where low 
power and small 
size are critical 
design criteria. 


ideal for use In portable, 
battery powered applica. 
tlons auch es handheld 
terminals. 


We now also offer long range SPREAD SPECTRUM, FREQUENCY HOPPING 
RE MODULES 1H 900 MHz and 2.4 GHz 


RPC 


The RPC module Is an Intelligent transcelv- 
er which enables a radio netwark link to be sim- 
ply Implemented between a number of digital 
devices. The module combines an RF circult 
with processor-intensive lowlevel packet format- 

: ting and 
tecovery func- 
tionality, 
requiring only 
asimple 
antenna and 


The BiM module Integrat 
UHF FM transmitter and 


Lemos International Co., Ine. 
65 Southbridge Street, Auburn, MA 61501 


Phone (508) 798-5004 @ Fax (508) 798-4782 
www.lemosint.com ¢ sales@lemosInt.com 


All products available tn either 418 or 433 MHz 


Clrele #82 an the Aeader Service Card. 


Tel: (877) 689-3245 

Fax: (530) 327-6609 

Email: sales@tri-ple.com 

1101 S.Winchester Blvd., J215 www.ti-plc.com 

San Jose CA 95128, NV 


Contact Triangle Research 


Microprocessor 
Hands-On Training 


Tha PRIMER Trainer la a flaxibie Instructional 

tool featured In a Pruntica Hall taxtboak and 

used by collages and unversties 

around the wnrid. Ruggedly designed 

to rasiat wear, tha PRIMER supports 

several differant programming 

Languages Including Assemblar, 

Machina Language, C, BASIC, 

and FORTH. A comprahanaive 

Inatructian Manual contalna 

over 25 losaans with saveral 

examplaa of program design 

and hardware cantrel. Tha 

Applicationa Manual provides 

thaory and sample coda for a number 

via Internet of hands-on Lab projects. 
in Kaypad Input & Write te a Display 
et Light Lavela with = Phateea|l 
trol Malar Spaad using Back EMF 
gn a Wavatarm Ganaralor 

= Meaaurn Tamperatura 

= Program EPROMs 

- Bua Interface an 0284 PPI 

-¢ a Capacitance Mater 

- Intarfaca and Central Stappar Matera 

- Dealgn a DTMF Autodialar / Ramota Convoller 


Application 
Projects 
Include: 


The PRIMER can ba purchased as an unsssambled hit ($120] of as an 
Ausambladfaated bit ($170). Upgrades provida baftery-hacked RAM and PC 
connactivity via an R$232 serial port (ahown In picture), Additional aptiona 
Include a heavy-duty keypad (shown In picture) and a 4V powar aupply ~ sea cur 
Quantity diacounts are available. Satlefaction guaranteed. 


Phone 618-529-4525 Fax 618-457-0110 
, Carbondale, Wlinais 62901 
World Wide Web: bttp://www.emaciac.com 


via Internet 
SOLUTIONS. 
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by Jan Axelson 


Boarding the 


Universal Serial Bus: 
Pick the Solution that 
Fits Your Project 


inputjoutput bits via a USB port. 


Figure 1. The USBI2CIO board fram DeVaSys has 
everything you need to monitor and control 20 


f you're designing something 
that will connect to a PC, 
Wi chances are you'll consider 
i using the Universal Serial Bus 
(USB). USB ports have been stan- 
dard on new PCs for several years 
now, and the "legacy" serial and 
parallel ports that you could 
always count on in the past are 
beginning to disappear. 

There are many ways to get a 
USB device up and running. !n this 
article, !'ll show three ways to add 
USB to a project. Each is bese suit- 
ed for a particular situation, so 
you can select the one that best 
fies your needs, skills, and budget. 


I Just Want 
to Do a Little /0 


If your needs are basic, the 
USBI2CI0 board from DeVaSys 


NEWS 


ohmSOURCE Resistance Decade Boxes 


@ Calculator-style keypad cr rctary switch interface 


@ 106°. mechanical isolation from circuit 


®@ Current limiting feature to prevent device damage 
@ Quick Value keys for convenient one-touch tlore/recall 
@ Residual Resistance automatically included in output 


@ Qual Banana Plugs provide easy output connection 


PRODUCT SPECIFICATIONS 


ohmSOURCE * 


O- 241i 
O Nhe 


2O5fiuptotkg 
$.1%3 1b - 24a 


ohmSOURCE 
0-24Mu 


Range 
Resolution: 1h 


Accuracy: = \Uup tik 


2 TS 1k Pade 


1-40 Savtamean 2061 Nuts & bills Mujiazine 


JabMetric 2» 


The iverca Uf treater! 


Eeeietaie Arca 
Pr en natin 
Vr a nee 


PATENT PENDING 


Circle #61 on the fleadar Service Card 


(Figure 1) is a ready-made solution that gives you 
20 bits that you can use as inputs or outputs in 
any combination. The bits are standard 5V digital 
logic that can interface to switches, relay controls, 
LEDs, or other circuits. Windows applications can 
read and write to the bits. There's also an 12C seri- 
al interface that connects to an on-board serial 
EEPROM. 

For the PC side of the link, DeVaSys provides 
several files, including a Windows device driver that 
is the link between the applications you write and 
the low-level drivers that control communications 
on the bus. 

To read and write to the ports, the device 
driver supports the functions ReadloParts and 
WriteloPorts. In my tests of the board in a com- 
piled Visual Basic 6 application, each read or write 
of the 20 I/O bits took about four milliseconds, 
which works out to 250 reads or writes per sec- 
ond. This is plenty fast for many projects. 

You can add ether chips to the board's 12C 
bus. For example, Philips Semiconductor's PCF8574 
remote eight-bit l/O expander has an |2C interface 
and eight bits of parallel I/O. You can 
control this and other !2C chips 
with the driver's Readl2c and 
Wricel2c functions. 

DeVaSys' website has example 
applications in Visual Basic and Visual 
C++ and a schematic of the board. 
The USB controller on the board is 
a Cypress AN213] EZ-USB. The EZ- 
USB is an enhanced, 805 | -compatible 
microcontroller with a full-speed 
USB interface. The board's 1 6-kilo- 
byte 12C EEPROM (a 24LC128) can 
store program code or data. The 
3.3V regulator can receive power 
from the bus or an external SV 
supply. 

As shipped, the board contains 
no program code. Instead, the pro- 
vided device driver uses the EZ- 
USB's ability to receive program 
code fram the PC when the board 
attaches to the PC or the PC boots. 
This makes updates very casy 
because there are no EPROMs to 
program. 

The board tsn’c imlted to using 
the driver and device code that 
come with it-You can write your 
own program code and use other 
device drivers, including drivers pro- 
vided with Windows. The EZ-USB 
chips are fast, flexible, and very capa- 


Figure 2. Microchip has two USB-capable PIC 
microcontrollers. Both have 19 1/0 bits, and the 
‘65 also has an external data bus. The USB data 
lines are D+ and D-. The VUSB pin provides power 
for the required pull-up resistor on D-. 


2 
3 
4 
5 
6 
7 
8 


OSCI/CLKINE 
0SC2/CLKOUT CF 
RC@/TIOSO/TICKIE 
RCI/TIOSI/CCP2 £ 
RC2/CCP1 C 

vUSB 


--0o 
- oe 


dB AN 


PICI6C745 
USB-CAPABLE MICROCONTROLLER 


ble. They cven have two UARTs for RS-232 or sim- 
ilar links. Because of the support built into the 
chips, the amount of code you need to add for 
USB communications is less than what other chips 
require.A free assembler and a trial version of a C 
compiler are avallable from Cypress, along with 
complete documentation and sample cade. 


I Like PICs! 


Microchip's PIC controllers are popular for 
good reason. They're inexpensive, easily available, 
and Microchip offers a variant for Just about any 
purpose. Now there are two PICs that support 
USB: the PIC16C745 and PICI6C765 (Figure 2). 

Both chips support USB's low speed. In the 
world of USB, low speed means a bus rate of 1.5 
megabits per second, rather than full speed’s 12 
megabits per second or USB 2.0's new high speed 
of 480 megabits per second. To keep a single 
device from clogging the bus, the USB specification 
also limits the amount of bus time a low-speed 
device can reserve. At most, you can count on 
transferring 800 bytes per second in each direc- 
tion. 

The most popular use for low speed is devices 
in the human interface device (HID) class. HIDs 
include mice, keyboards, and joysticks, but you can 
also use the HID class for devices that don't fit 
into one of these categories. Windows includes 
drivers for HID communications, so if the cade in 
your device meets the requirements of the HID 
spec, you don't have to provide a driver. 

The PICs are enhanced members of 
Microchip's 16C5x series. Code written for the 
16C5x is portable to the 16C7xS, Besides the USB 
interface, the chips have 19 I/O pins, plus the '6S 
has an elght-bit parallel slave port for connecting 
to a microcontroller with an external data bus. Up 
to eight of the 1/0 pins can function as Inputs to 
an on-chip analog-to-digital converter. 

An on-chip USART supports two other kinds 
of serfal IInks. With Maxim Semiconductor's 
MAX232 or a similar chip, you can use the USART 
for RS-232 communications. The USART also sup- 
ports synchronous communications, where the 
Interface includes a clock line. Either the PIC or an 
external source can provide the clock. 


RE@/RD/RNSC 
REI/WR/AN6 C 
RE2/CS/AN7 


OSCI/CLKIN EG 
OSC2/CLKOUT CF 
RC@/TIOSO/TICK! C 
RCI/T1IOSI/CCP2 C 
RC2/CCPI C. 

VUSB FE 

RD@/PSPO £ 
RDI/PSPI CL 


VRC7/RX/DT 
RC6/TX/CK 


Oana UB WNY — 


RO7/PSP7 
RD6/PSP6 


22 |3RD3/PSP3 
21 j2RD2/PSP2 
PIC16C765 
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USB-CAPABLE MICROCONTROLLER 


WITH EXTERNAL DATA BUS 


RS-232 
INTERFACE 
TO HOST 


MAX3245 OA EQUIVALENT 
TTL/RS-232 CONVERTER 


PARALLEL INTEAFACE 
16 QTHER DEVICE 
CIRCUITS 


DEVICE UAAT 


TYPICAL RS-232 DEVICE 


usa 
INTERFACE 
10 HOST 


FT8U232AM 
USB UART 


SERIAL EEPROM 
CONTAINING 
VENDOR & 
PROBUCT [os 


RS-232 DEVICE CONVERTED To usa 


You can use a crystal ar an inexpensive 
ceramic resonator to clock the CPU. Program 
memory is EPROM or onec-time-programmable 
(OTP) PROM. The chips are available in through- 
hole and surface-mount packages. Microchip's 
MPLAB In-Circuit Emulator (ICE) 2000 develop- 
ment system supports the chips. 

The PICs require a fair amount of code to 
support USB communications, including the code 
that responds to the standard requests the PC 


PARALLEL INTERFACE 
TO OTHEA DEVICE 
cLACUITS 


Figure 3. The USB 
UART from FTDI 
converts between 
RS-232 serial data 
and USB. The chip 
has pins to match 
each of RS-232's 
data and handshak- 
ing signals. A device 
connected to a USB 
UART thinks it's 
stilt communicating 
ever RS-232. 


OEVICE UART 


sends when the device attaches to the bus. Much 
of this code is the same for all applications, so 
adapting it for a specific project requires few 
changes. Microchip provides cade for a HID-class 
device that sends and receives generic data. 

Other microcontraller families also have USB- 
capable variants. If you have experience with a 
microcontroller, it makes sense co stick wich it 
when you have a project with a USB interface. Fans 
of the 805{ can use Cypress’ EZ-USB or Infineon's 
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MK 84-890 
aprilog.com 


Figure 4. With an adapter, you can use the USB UART 


pose interface that has 
been with the PC since its 
beginning. There are thou- 
sands of different RS-232 
peripherals in use. But RS- 
232 ports are beginning to 
disappear from PCs. 
Fortunately, just about any 
RS-232 device can be 
designed to use USB, and 
it's easier than you might 
think to make a device that 
supports both interfaces. 
This way, you can use the 
device with everything 
from an old DOS PC that 
doesn't support USB to 
the latest “legacy-free" 
Windows PC that lacks an 
RS-232 port (though DOS 
will require different saft- 
ware on the PC). 

An easy way to add 
USB capability to an RS- 
232 device is to buy a con- 
verter that translates 
between the two inter- 
faces.A device driver 
included with the convert- 
er causes Windows to 
treat the USB device the 
same as if it were using a 
straight RS-232 connec- 


an a breadboard or 4 protoboard designed for through- "0". 


hole components. 


C541U. Acme!’s AVR family includes the USB-capa- 
ble AT76C71 1. For an eight-bit Motorola micro- 
controller, check aut the 68HCO5)B3/4 and 
68HC08)B8. 


| Want the Option to Use Either 
RS-232 or USB 


The RS-232 serial port is a geod. genera!-pur- 


Use your PC as a scope and datalogger! 


Parallel Port Scope 
um snelyZer, and digetal multimeter 


ADC Virtual inatrumanta tum your PC or laptop 
2 a soptasacated slorage scopes AND spectra 


With the converter 
option, you can use the 
same software on the PC 
to communicate with the 

device, no matter which interface it's using. The 
only limitation to using a converter is that the 
PC's application software must use standard 
Windows functions for accessing COM ports 
(ReadFile, WriteFile) or a custom control such as 
Visual Basic's MSComm, which uses these func- 
tions internally. Inp and Out functions that write 
directly to a port address won't work. Converters 
are available from many sources, including 8 & B 


What About USB 
2.0's New High 
Speed? 


ne of the biggest news items relating to 
ww USB is its new high speed of 480 
megabits per second. High speed became a 
possibility with the release of version 2.0 of 
the USB specification in 2000. Making high 
speed a reality requires three things: a USB 
2.0 host controller in the PC, support for 
USB 2.0 under Windows, and a device that 
contains a high-speed-capable controller. 

USB 2.0 host controllers will soon be 
standard on new motherboards, or you can 
add a controller to an existing system ona 
card that fits in a PCI slot. Microsoft has 
promised that support for USB 2.0 will 
either be included in the latest Windows edi- 
tion, called Windows XP, or it will be avail- 
able as an update soon afterwards. Updates 
for Windows 2000 and Windows Me are like- 
ly to follow. High-speed controllers for 
peripherals are available now from a few ven- 
dors, and the selection will increase in time. 

What about all of the older, slower USB 
1.x hardware? Just about all of the high-speed 
peripherals will also function at full speed, so 
they'll be usable with older hardware. And 
the 20 controllers are backwards-compati- 
ble, so all of your full- and low-speed periph- 
erals will still work fine with the new con- 
troflers. 


Electronics, which has a large selection of USB- 
related items. 

For a more elegant way to do the same thing. 
the USB UART from FTDI makes it easy to build 
a converter into a project. 

A typical UART converts between the serial 
data used by RS-232 and a CPU's parallel data. 
Besides data lines, a UART may also support RS- 
232's handshaking signals such as RTS and CTS. 
Just about all UARTs use 5V (or 3V) logic. so con- 
verting to RS-232's positive and negative voltages 
requires added components, such as 


Environmental Logging 
record temperature, humidity, etc. 


ENVIROMON - 
hurradty & 


Lght census, Or porto, els. 


temperatura (thermistor), 


DADAG for PCs 
sciencelogger with sensors 


a MAX232 chip. 

The USB UART works in a simi- 
lar way to other UARTs, except 
instead of converting to and from 
parallel data, it converts to and from 
USB (Figure 3).To adapt an RS-232 
design for USB, you move the CPU's 
connections from the MAX232 or 
other RS-232 voltage converter to 
the matching pins on the USB UART. 
The device's internal code requires 
no changes because the device still 
thinks it's talking aver an RS-232 link 
as usual. 

The USB UART supports all of 
RS-232's handshaking signals, and 
FTDI provides a free device driver. 

To support both interfaces, you 
can include a switch that routes the 
signals to the RS-232 converter or 
the USB UART.A circuit that detects 


! 


Ss 


analyzer AND msimeter Drplay cruttaretusly | Recerd tr 4524 wetcan a PC even it poner 
onlarge screen! 100MS a A-tat or 1 2Sis 12-bt cr] tals, Merter 20 corners 466 yds away Viith 
TUS 1 versona Grea tor actools test depts, etc 
Inpud to Excel’ Lote NT drivers mchscded. 


Jan Axelson is the author of 
the just-released Second 
Edition of USB Complete: 
Everything You Need to 
Develop Custom USB 
Peripherals, Visit Jan's USB 
Central web page ac 
www.Lvr.com/usb.htm. 


caties ard cacy coftware, Ramet audio [roady-lo-tun software anda 


alarm Use TC-O8 for mcat thormccuples. lois of physics/cham orp'ls. 


Download FREE demo software. Sales only: 1-888-7SAELIG ICO 
mM 716-425-3753 » -3835 (fax) saelig@aol.com PI Limited @ 


J in NY by Saelig Company: Virtual Instruments, 12C and embedded controllers, BITHink 2-wire 
tworks, AS232/422/485, Canbus. etc. See www.saellg.com fer Product of the Month! 
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Web Links ... 


Atmel USB-capable AVR controller 
(AT76C71 1) www.atmel.com 


B & B Electronics 
USB/RS-232 converters 
www.bb-elec.com 


Cypress Semiconductor EZ-USB 


www.cypress.com 


DeVaSys USBI2CIO board 
www.devasys.com 


a voltage on the USB's power line could switch che 
signals automatically, using the USB UART when 
the USB voltage is present and RS-232 otherwise. 
One cost af USB developing is that any prod- 
uct yau sell must contain aVendar ID and Praduct 
ID. When a device attaches to a PC, Windows 
reads this information fram the chip and uses it in 
locating the correct device driver. Vendor IDs are 
assigned by the USB Implementers Forum, which is 
the non-profit corporation that publishes the USB 
specification and, in general, supports USB develap- 


DIP adapter board for FTDI USB UART 
Part #32qfs31/D6-SMT/S 
www.smt-adapter.com 


FTD! USB UART 
www. ftdichip.com/ 


Infineon 805{-compatible, USB-capable 
microcontroller (C541U) 
www.infineon.com 


Microchip PICI6C745 and PICI6C765 
USB micracontrollers 
www.microchip.com 


ment A Vendor ID costs $1,500.00 and includes 
the right to assign Product IDs associated with the 
Vendar ID. 

The USB UART contains FTDI's Vendor |D 
and a Product ID. Because you don't change the 
programming in the chip, your product can use 
these values. You also have the aption to store 
your own IDs in an external serial EEPROM. If 
you'd like a unique Product ID to use with FTDI's 
Vendar ID, you can request one free from FTDI. 

The USB UART is a 32-lead surface-mount 


Motorola 68HC05]B3/4 and 68HCo8jBa 
USB microcontrollers 
www.motorola.com 


Philips Semiconductor's PCF8574 Remote 
8-bit I/O expander 
www. philips.com 


Saelig Company 
US. distributor of the USB UART 
www.saelig.com 


Jan Axelson's USB Central 
Tutorials, example code, and other info 
for USB developers 
http://www.lvr.com/usb.htm 


chip (a quad flatpack, or QFP). The chips are avail- 
able In the U.S. from Saelig Company. 

For experimenting on a thraugh-hole proto 
board, use a DIP (dual in-line package) adapter 
(Figure 4), though yau'll need to do some fine sol- 
dering of the chip to the adapter. One source for 
adapters is www.smt-adapter.cam. 

For another approach to USB using a different 
FTDI chip, see “Add a Universal Serial Bus 
Interface to your Next Project" by Dan L Powrie 


! in the May 2001 issue of Nuts & Volts. NV 


iw.gatewayelex.com 


(Electronically Speaking, Gateway’s Got It!) 
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ELECTAONICA, INC 


MAIL ORDERS CALL TOLL-FREE 1-800-669-5810 
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In this column, I answer 
questions about all 
aspects of electronics, 
including computer 
hardware, software, cir- 
cuits, electronic theory, 
troubleshooting, and 
anything else of interest 
to the hobbyist. 
Feel free to participate 
with your questions, as 
well as comments and 
suggestions. 

You can reach me at: 
TJBYERSGaoLcom 
or by snail mail at 
Nuts & Volts Magazine, 
430 Princeland Ct, 
Corona. CA 92879. 


What's Up: 


Audio, synthesizers, 
music, and sounds. 
Lights, lamps, and 
dimmers. How to 
make your own 
optical RS-232 link. 
Making an A/V and 
solar connection. 
Finally, a reader 


shares a discovery. 


in Serremwer 2001 101i) & bills Magazine 


ACT RENICS 


With Tj Byers 


Solar Fun Site 


« ty I'm looking for a book about using solar cells 
as a power source for recharging batteries. I've 
looked high and low, finding all sarts of information on 
powering your home, but nothing at the hobby level. 
Da you know of anything? 
Patrick Robertson, Sr. 
via Internet 


As for books, all | know about are out of print, 
including the one | wrate 15 years ago {20 
Selected Solar Projects). However, there is a web site 
managed by G. Forrest Cook 
(wwew.solorb.com/elect/salarcirc/index.htm!) that 


will satisfy your appetite for habby solar projects. 
Here's a sample of his work. 


AA battery solar charger 
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Dawn To Dusk Dimmer 


| am in need of information for a timer/dim- 
mer cormbinaticn. Specifically, I'm looking far a 
device that will control aquarium lighting: wen the light 
on ata very low level and increase to full brightness 
over a programmable period of time. Same for shutting 
off in the evening. This is useful for simulating the natur- 
al day-night cycle for the fish. If you know where | can 
obtain one in bit form, it weuld be most helpful. If noe, 
schematics wall do. 
Jofin A. Wass 
via Internet 


AquiDirece by AquaLink (800-827-0117; 
www.aquadireet.com/lighting/dimmers.heml) 
makes exactly what you're loobing for. They alzo mabe a 


lunar timer that’s designed to promote coral growth by 
simulating the Junar cycle. 


Solar 1000 


Dim lamps throughout the day 
for a natural intensity curve 


Dism Sunrise Boon On Boon OH = Sincet Duck 


Finger Pickin’ Good 


! am interested in audio clectranics techniques 
for musical special effects — microphones and 
elactric guitars, in particular. | have scanned back issues 
and found a few related articles, but | could use some 
more knowledge about things like reverb and wawa 
effects. Can you recommend any resources that would 
help me get started? 
William Frederick, MD 
1 via Internet 


I'd start with a couple of books on the subject, 
such as Do-It-Yourself Projects far Guitarists: 35 

Useful, Inexpensive Projects That Help You Unlock Your 
lastrument's Potential, by Craig Anderton, $19.95. 

The Stompbox Cookbook: Build Advanced Effects for 
Flectric Guitar & Bass by Nicholas Boscarelli, $29.95. 

The book by Craig Anderton is written for the 
beginner, while Nicholas Boscorelli's book is for the 
intermediate hobbyist. However, neither baok has the 
circuits you are asking for, so | went to the Internet and 
discovered these web sites far understanding and build- 
ing a reverb unit. 

Theory 
Spring reverb explained 
hetp://members.tripod.com/~roymal/ 


Reverb explained 


www. harmony-central.com/Effects/Articles/Reverb/ 


Schematics 
Spring reverb schematic 
http://sound.westhost.com/project34.htm 


Orban I11B spring reverb schematic 
www. waltzingbear.cam/~audia/Schematics/Orban/! 11B.htm 


__ Audio equipment schematics 
www.waltzingbear.com/~audia/Schematics/Schematics.html 


Construction Projects 
Guitar reverb pedal 
www.solorb.cam/elecureverb/ 


Slinky Spring Reverb 
vwwveangelfire.com/electronic/epeasant/projects/ 
springs/springs.html 
Kits 


Craig Anderton's Hot Springs Reverb (with schematic) 
veveve paia.com/hatsprgs.htm 


Reverb kit from Rainbow Kits 
vrvew.gatewayclex.com/kits5,.htm 


Parts 
Reverb springs 
weww.vibroworld,com/parts/tech! 8.html 
vevew. torresenginecring.com/acrevun.html 
wvew.cyclonemutic.com/reverb.htm 


Electronics Q & A 


Untorcunately, | can't find any information or con- 
struction projects for the wawa sound. Seems they fell 
out of favor after the keyboard replaced the guitar wawa 
pedal. I'd start by checking around for an old Crybaby 
wawa pedal — try second-hand music stores. 


Music Of The Spheres 


‘fi , | would like to do some experimental music syn- 
~~ thesizer work and need your help in finding infor- 
mation and components to match my needs. Specifically, | 
want to go back In time and look at music created in the 
diatomic scale again (back in the days of the lap harp) 
using today's synthesizers or DSP chips. | know the back- 
ground of this musical scale, and it doesn't match up with 
the chromatic scale we use teday.What | need to know 
is how can | play with this ancient cuning method using 
modern-day tools, 
Ennis Joseph 
via Internet 


Let me lay a little background for our readers 
_ here. Before the days of Bach, most music was writ- 
ten for instruments like the harpsichord and flute in the 
diatonic scale — also known as Pythagorean tuning 
because of its rigid 2:1 and 3:2 music of the spheres. 
7 out the following web sites for background mater- 
ial. 
Physies of Music 
www.upscale.utoronto.ca/lYearLab/musicexp.pdf 


The Development of Musica! Tuning Systems 
www. midicode.com/tunings/index.shtml 


Unfortunately, this scale often meant frequent retun- 
ing of an instrument, so Bach (and others) ushered in a 
more tempered scale with a linear change between the 
notes, and some say a mellower sound. This changed the 
sound of music forever. But now the diatonic notes didn’t 
match up with the new chromatic notes. The problem is 
that the subtle differences between true diatonic notes 
and the new chromatic notes are often infinite fractions, 
like the value of pi. So, therein lies the challenge. 

If a piano made today was built around the diatonic 
scale, the keyboard would be about 40 keys longer — 
more than 100 keys. Fortunately, there are a handful of 
keyboards that are programmable enough to accommo- 
date this ald scale pattern. Here's a database of synthe- 
sizers, samplers, digital pianos, electronic instruments, 
portable keyboards, sound cards, and software synthesiz- 
ers with user programmable microtonal scales or tunings. 


Microtona! Synthesis 
hetp://home.att.net/~microtonal/ 


But before you dip into your purse for expensive 
microtonal programmable, there are still a few tricks up 
the old sleeve (literally). The notes aren't so different that 
you can't trick a keyboard synthesizer into doing your 
bidding. 

Most synthesizers and sample playback units have a 
way to set the tuning of each physical key on the key- 
board, or of each of the 12 keys per octave, in terms of 
cents. (There are 100 cents per semi-tone, |,200 cents 
per octave). Sometimes it’s tcents {a penny or two 
change from the dollar) from the 12-tone per octave 
equal temperament. With a little interpolation, this fudge 
factor can be entered fairly easily into almost any mod- 
ern, digital synth's tuning table — resulting in a whole 
new musical vocabulary. If you're lucky enough to have a 
real folk harp or lyre, you can use a synth as a tuning ref- 
erence to put the strings in some subset of one of these 
tunings. Here are the details. 


Tunings for the Music of Middle-earth 
www.tcinternet.ncdusers/[finnamore/dfftuningsme. html 


Well, the ball is now In your court. Here are two 
other good references that may help you become the 
new Bach — or Beatles — of the 2Ist century or the 
Sth. 


Tuning for Beginners 
wwww.cix.co.uk/~gbreed/starthim 


Illusion of Circular Pitch 
www.illusionwarks.com/huml/auditory.huml 


Moog To MIDI 


Do you know of a moderate audio sampling syn- 
. . thesizer cireuit? Would you publish the schematic 
or steer me to a reference document? Do you know of 
any special interest groups that are doing work in this 


} 
sa Joseph Ennis 


Valparalsa, FL 


This is a very broad question with many answers. 

— _ depending on what path you take. That's because 
synthesizers take on many forms — there is no such 
thing as a generic audio sampling synthesizer. They can be 
audio, like the original Moog synthesizer ? 
(http://arts.ucse.edu/ems/music/equipment/syn- 
thesizers/analogimoog/Moog.html##901); digital. like 
modern keyboards (SynthZone: www.synthzone.com); 
PC-based, like SoundBlaster (www.soundblaster.com); 
or MIDI.As you can see, there is no simple answer or 
circuit. It depends on what technology you select, and 
before you can make that decision you need more facts. 
Here's a good place to start. 


Beginner's synthesizer FAQ 
hetp://tilt largo-fl.us/faq/synthfull.hem! 


Now here are some areas to do further research on 
the road you take. If you want to build a modern-day 
Moog, you can find the circuits for a DIY synthesizer at 
hetp:!/machines.hyperreal.org/eategories/da-it- 
yourselfischematics/. For answers on MIDI, check out 
the following. 

Computer Music 
www.computer-music.com/articles/artcl00 | .htm 


DownLinx 
www.downlinx.com/proghtml/86/8695.htm 


Superior S-Video 


I recently purchased a new A/V receiver with S- 
‘ | Video inputs. This finally allows me to switch all my 
S-Video sources to my monitor. The only component in 
my system without an S-Video output is my VCR, which 
uses composite video. While the receiver handles both S- 
Video and composite inputs, the receiver switches them 
separately, which would require two cables to my moni- 
tor for seamless operation. The problem is that the moni- 
tor can only have one active input — either S-Video or 
composite. | figure that what | need for the VCR isa 
composite-to-S-Video converter so the receiver can han- 
dle everything, but these units cost over $100.00. 1 know 
the circuitry can't be that complex or expensive. Do you 
have a circuit available for this task? 
Phil Cambs 
via Internet 


___ Let me give you a little background on this before 

~~ | answer, so that you can better understand my 
answer. All video signals are made up of four campo- 
nents: red video, green video, blue video, and audio. The 
video has two components: luminance (brightness) and 
chroma (color).This is generally abbreviated Y/C , where 
Y stands for brightness and C represents color. To broad- 
cast this much information over a single channel, the 
luminance and chroma signals are encoded alongside the 
audio signal. This is a composite video signal, which now 
goes over the airways. 

At the receiving end, these signals are decoded and 
sorted out. In a TV receiver there's a filter that separates 
the chroma from the brightness, and places it on an S- 
Video output, which you can now plug into your video 
monitor, In your VCR, the Y/C signals have been mixed 
and are output in composite form. This was quite popular 
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09 older and/or cheaper VCRs before the S-Video standard became wide- 
spread. Of course. you ean go under the hood of your VCR and break out the 
chroma and brightness signals where they go inta the RF modulator, but | 
wouldn't recommend it unless you really know what you're doing. Which 
leaves us with an §-Video converter option. 

The chroma signal is located at 3.68MHz on the video bandwidth, as 
shown below. 


Te separate the chroma 
out. the video must pass 
through some kind of filtra- 
tion. This is generally per- 
formed by one of two meth- 
ods. in the first. the chroma 
is separated from the com- 
pasite signal using a band- 
pass filter, and the brightness 
is separated using a bandstop 
filter. This can be done using 
passive components. These 
converters are inexpensive 
| (zbour $40.00 ro $60.00), 
4.5Mhz easily installed, and require 

no power. (RadioShack sells 
them.) The disadvantage of this methed is that the filter doesn't have sharp 
cut-cf points. so brightness information that's close to that of the chroma 
netch is lost. 


0 3.68Mhz 


The second method is 
to use a camb filter. Comb 
filters take advantage of 
the fact that, generally, the 
luminance cantent of a 
video signal doesn't change 
—— BRIGHTMESS (¥) greatly fram one line to 
the next. sa we can extract 
the chroma easily without 
caerrfeing brightmess detail. The technology is based an switched-capacitor 
technelogy that provides very steep cut-off paints. Unfortunately, comb filter 
converters are active devices, which are mare costly (beginning at about 
$130.00) and require a power source. Hawever, the difference in impraved 
image qual.ty is very ncticeable and well warth the extra bucks. 
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So, in answer to your question, it wou'd be hard to build either cype. The 
passive converter wou'd be the easier, but it takes a goad design with high wol- 
erance parts. And even after that you need expensive frequency cweep instru- 


ments to tune the fileers for best picture. The active converter requires a 
comb filter, generally an IC using switched capacitor technology, that requires 
several external parts. Again, it needs alignment for best picture, but this time 
a frequency counter will suffice. And there you have it 


Newbie Needs Power 


4 | have been an electronics hobbyist for only three months, and { am 
LD looking far a dual-polarity. dual-output power supply that can be 
adjustable from close to one vale to 60 valts, and have a current output any- 
where from one amp to [0 amps. | am tired of building a separate power sup- 
ply and spending more money for every canstruction project. 
| tried everywhere on the web and can't find anything even remotely 
clase to this. |f you could help me with a schematic and parts list, | would 
really appreciate it! 
Ryan Welss 
Wildwood Crest, NJ 


Well, 60 valts at 10 amps is quite a stretch, and | doubt many of your 
experiments will call for that kind of power. Try this circuit. 
aNa001 


NAO01 


If you buy the TX-602 (60VCT @ 2A) transformer from All Electronics 
(800-826-5432; www.allelectronics.com), this power supply will deliver a 
bipolar output of up to 30 volts ac 1.5 amps; 60 volts at 1.5 amps if you stack 
them. I'm sure this will meet most of your needs. Notice that the 10k pots are 


dual pots; that is, they share a common shaft se that as one voltage changes. 
the other follows in step. 


Clear The Runway 


'm trying to build a circuit that will flash LEDs in a pattern similar to 
___ airplane landing lights. In fact, this circuit is for an R/C airplane powered 
with a nine-vole battery. What I'm looking for is a timer or oscillator to flash 
one LED and then a second LED immediately afterwards, pause for 0.5 sec- 
onds, and then repeat | tried using a monastable mulitivibrator, but didn’t have 
any luck. Any suggestions? 
Neil Kaufman 
Silverton, OR 


Your problem was trying to match a monostable multivibrator to a 
task that's beyond its ability. You were right about the circuit needing a 
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Electronics Q & A 


multivibrator — but in a slave capacity. This design requires a master timing 
device to sync the LED flasher sequence you request. Here is your circuit 


The master oscillator is a 555 astable multivibrator, which generates the 
0.5-second timing needed to sequence the LEDs. First the left LED flashed 
which, in turn, triggers the monostable after it flashes pulses to the right LED. 
The two multivibrators are now reset and wait for the next bang-bang trigger. 
You can use a 556 — a dual 555 chip — to reduce part count and reduce air- 
craft weight. 


LM3909 Gone, But Not Forgotten 


1 lam lookin’ for an LED flasher that would substitute for the abso- 
lete, hard-to-find LM3909. It would be great if you could design a low- 
voltage CMOS substitute LED flasher that | could use in hard-to-reach marine 
markers that would be maintenance free for months. 
P.M. 
via Internet 


Yes, unfortunately, the next time you'll see ane of these versatile oscil- 
_.lator chips will be next to aT. Rex exhibic. Fortunately, ! keep an archive 
of strange circuits that | may need to call on someday, and it looks like that 
day for the LM3909 substicute is here. | found the circuit below in a June 1998 
issue of Electronics Warld (a UK publication). This circuit isn't of my design, 
the creator is Michael Kin, but I've tested it and it works. 
Wich the values 
\ shown, the LED 
flashes about 15 
gor park times a minute; the 
timing can be 
changed by altering 
the value of the 
feedback capacitors. 
While this makes a 
good low-voltage 


Reader's Hint 


| came across a possibly unknown fact that may be of use 
to your readers. | was trying to hack together an infrared 
motion detector with a wireless module to make a battery- 
powered (portable) motion switch to trigger a camera for 
wildlife photography. By accident, | discovered that an X10 
MSI3A wireless motion detector transmits on the same fre- 
quency — and with the same cade — as a RadioShack wire- 
less door chime, Model #63-874A. (This is the model with the 
single remote button, not the dual buttons.) Having discav- 
ered that, it was a simple matter of wiring the chime actuator 
to the camera trigger. The code on the RadioShack receiver 
should be set to A, as it does not appear to work on codes B 
or C.The MSI3A can be purchased separately or in the 
FireCracker interface kit. 
Warren Shedrick 
via Internet 


MAILBAG 


Dear T]: 

| was waiting for the errors to be corrected in later issues, but they were 
not. In the April 200! issue, you tald Jim Zink to tie all unused inputs to 
ground. This is poor advice. For TTL inputs, each input will draw between 400 
uA and 1.6 mA of wasted current when tied low (TTL inputs will stay at a 
marginal one if left open). Most designers advise tying them high through a 
2.2k or 3.3k resistor. Some designers have said to tie extra inputs together, 
like the fourth input of a four input gate to the third input, but this is bad 
practice, as well (power and speed). CMOS can be tied either way. For analog 
devices, it pays to read the data sheet. 

In summary, the best advice is to read the data sheet In most cases it 
Pays to tie inputs someplace for naise reasons. But you can cause functional 
and power problems if you are not careful. 

Steve McChrystal 
Santa Clara, CA 
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From RS-232 To Fiber And Back 


I need to have an RS-232 link between two buildings located approxi- 
_ mately 6,000 feet apart (about a mile). The only medium I'm allowed to 
use is fiber. 1 need information on building or buying an optical link that can 
span this distance. 
WA4Y0G 
via Internet 


Here's a short list of suppliers who can fill your needs. 
B & B Electronics 
815-433-5100; www.bb-elec.com/convert_scrial_portfiber_optic.asp 


JZW Control Systems 
+61 2.9975 4011; www.jzw.com.au/pageS | html 


Omnitron Systems Technology 
900-675-8410; www.omnitron-systems.com/Canverters/4480view.hum 


Telebyte Fiber Optic Products 
800-835-3298; www.tclebyteusa.com/catalog/specs/s278.htm 


Versa Technology 
909-591-8891; www.versatek.com/products/vlm-500.html 


Versitron 
800-537-2296; www.versltron.com/RS232.HTML 
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MIDI-MAN 


MANUAL PULSE PROCESSOR 


WIDTH 


O 


MULTIPLE 


FIGURE I: MIDI-MAN Rack Cabinet Design Layout 


MIDI-MAN 


he advent of MIDI 
{Musical = Instrument 
Digital Interface) has 
brought about a revalu- 
tion in the music indus- 
try. The market is con- 
bombarded with new 


stantly being 
MIDI units all the time and these 
devices are incredibly sophisticated 
and have put a measure of control In 
the hands of the musician that is 
unprecedented. Even home studios can 


praduce 
recordings. 

Despite this, manufacturers have 
ignared some aspects of the studio 
recording experience that are 
extremely important to the musician. If 
it is important to you ta expand the 
capabilities of your home studio, then 
this project is far you. 


remarkably sophisticated 


MIDI-MAN 


The purpose for MIDI-MAN is to 
provide an interface to enable the use 
of analog sources. So many musical 
instruments are not digital that some 
kind of interface is required, if you are 
to enlist the services of very important 
non-digical instruments. Since manufac- 
turers do not provide such interfaces, 
it becomes necessary to take charge of 
your own destiny. This project can be 
the first step in your musical independ- 
ence. The MIDI-MAN enables the per- 
former to choose the best method for 
triggering a given sound or effect. 


KEYBOARD 


Some voices do nat lend them- 
selves to keyboard play; percussion 
instruments, for example. Drum rolls 
are both difficult to perform and rough 
on keyboard mechanisms. 

With the MIDI-MAN in multiple 
mode, you just press a key and It will 
produce multiple hits. This is accom- 
plished by the use of feedback from 
MIDI-MAN back to the rhychm gener- 
ator In your synthesizer. The speed of 
the hits Is determined by the number 
of keys you press. In fact, It Is the recip- 
rocal of the number of keys pressed, 
which Is to say that, two keys divide the 
speed by two, three keys divide tho 


speed by three, and four divide it by 
four, etc., etc. Drum rolls are best sim- 
ulated by twa keys. 


ARPEGGIOS 


If pitched voices are used and 
more than one key is pressed, arpeg- 
gios are achieved and no matter how 
many keys are pressed, they will all 
sound. An arpeggio chart can be seen 
in Figure 3. Many special effects can be 
achieved with this technique, for exam- 
ple, dissonant clusters, octave modula- 
tions, and new timbre, and special 
effects sound generation. 


TOUCH PLATE 


A touch plate can be used with 
the keyboard to expand a player's capa- 
bilities. First, a percussion voice is 
selected and a key is pressed, The note 
will sound just once. However. if you 
press the touch plate while holding 
down keys, a perfect percussion roll 
will be performed. Weights placed on 
keys or rods used to hold down keys 


RI - 270 ohms 
R2 - (00K 

R3 - 68K 

R4 - ISK 

RS - IMeg Pot 
Ré - 100K 

R7 - 330K ' 
R& - 270 chms 
R9 - 270 ohms 
RIO - 220 ohms 
RII - 3K3 

Cl -.1 MFD 
C2 -.0l MFD 
C3 - 3,300 MFD 


QI - NPN Transistor 2N2222 
Q2 - NPN Transistor 2N2222 
Q3 - 5-volt regulator LM340TS 


DI - IN9I4 

02 - IN914 

D3 - Yellow LED 

ICI - 4N35 Opcolsolator 
IC2 - 555 Timer 

SI - DPDT Toggle Switch 
II - DIN Jack 

]2 - DIN Jack 

13 - DIN Jack 


J4 - Phone Jack 


Aluminum angle pieces for the rack 
cabinet. Control knob, 12-vole wall 
transformer power supply, wire, 
terminal strips, clreuit boards, etchant 
solution, 12 machine screws and bolts. 


by Terence Thomas 


FIGURE 2: 
Keyboard — 
Hold Down 
Rods 


Almost all synthesizers 

have tabs at the front of their 
keys, so you can place rods or 
dowels to keep the desired keys 
pressed. 


method of play to enhance and accam- 
pany other percussion voices. Figure 2 
shows how the rods are utilized, 


while the touch plate controls play. 
Drummers will be interested in this 


| will free one hand for other duties | 


Flash Protection 
Screen 


cD 


BURRELL SCIENTIFIC 


Mluminated 
Work Area 


Internal 


yi ” Cooling Fan 


| 
| 
| 


Pen-style 
eURRELE . Alligator 
KUP-L-WeLD fe Clamp 


Graduated 
Power Control 
Push-button 


Power Activator @ wide x 13.5° deep x 9 high 


The Burrell KUP-L-WELD® II Thermocouple Welder produces superior 
weld contacts that ensure precise temperature monitoring. Burrell Scientific 
took advantage of today's advanced technology to improve the entire 
welding process. It is capable of welding a variety or wires. 

The KUP-L-WELD® II is easily transported to various work areas. 
Its metal case is finished with an abrasion-and coating-resistant paint. It Is 
maintenance-free accept for the periodic replacement of carbon. 

Under $1,000.00 plus shipping and handling. Delivered ready for 
operation. VISA/MasterCard and American Express accepted. 

For literature: call 1-800-637-6074. For technical information call: 
1-412-471-2527 or contact Burrell Scientific at E-mail: burrallscl2@aol.com 
or visit our web site at: www.burrellsci.com 
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tial 


FIGURE 
4: 
Touch 
Plate 


Foil 
circuit 
board on 
press 
board 
base. 


FIGURE 6: 
Touch Plate 
Wiring 


FIGURE 8: MIDI-MAN Circuit 


The prototype was built on a 7- 
$4 inch by S-inch piece of press board, 
as shown in Figures 4 and 5.A 4-1/2 
inch by 6-1/2 inch copper clad circuit 
board is used as the touch plate and is 
connected to an RCA type jack which 
‘3 secured to the back of the press 
board with a small piece of circuit 


board that is both glued and fastened 
with wood screws (Figure 6). 


OTHER SOURCES 


Drum mikes and other clecyical 
devices that are attached to percussion 
instruments can also trigger the MIDI- 
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FIGURE 7: MIDI-MAN Schematic 


NDI-MAN 
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FROM OTHER 
MIDI DEVICES 


o> “a 
~ TOOTHER 
. ~~ MIDI DEVICES 


MIDIIN 
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Sita 


DIGITAL SYNTHESIZER 


SCHMITT 
TRIGGER Zz ~ 


MAN, Pulse generators from analog 
synthesizers, sequencers, microphones, 
foct-pedal switches, light-sensitive 
devices, and samplers are just a few of 
the devices that can be used as trigger- 
ing sources. 

Other MIDI units can be mixed 
with analog devices to produce a com- 


posite triggering signal for complex 
rhythm coordination. Nothing is better 
at coordinating, synchronizing, and mix- 
ing analog and digital signals than the 
MIDI-MAN, and the only limit to the 
Input possibilities is your Imagination. 
Two outputs can feed two MIDI units 
for even more possibilities, To assure 


FIGURE 17: Rack 
Cabinet Construction 


FIGURE 16: Power Supply 


TO CABINET 
GROUND 


"SYNTHESIZER 


bibbidbidbitid 


| AIIDI-AIAR 


| tes 


SEQUENCER SEQUENCER 


LIGHT SENSITIVE 
Do utes 


FIGURE 12: 
Light Source Triggering 


that you get the maximum out of this 
unit, you should experiment and then 
experiment more. After three years of 
using the MIDI-MAN, | have just 
scratched the surface. 


CONSTRUCTION 


The circuit in Figure 8 shows a 
simple, straightforward design and a 
foil pattern is shown In Figure 7. Input 
jack J4 accepts any pulse source froma 
fraction of a volt to [5 volts. Capacitor 
Cl decouples the input. while diode 
D2 prevents negative pulse triggering. 

Transistor Q| provides the nega- 
tive pulse required for 1C2,a 555 timer. 
Porentiometer R5 is connected direct- 
ly to the circuit board and provides 
support and allows you ro extend the 
pulse ourput to enable a single pulse ta 
produce a number of pre-set pulses. 

Output pulses are taken from pin 
3 of IC2 and fed to transistor Q2 
through resistor R6 and switch S11. This 
transistor serves as a buffer between 
the [2-volt operating voltage and the 
required 5-volt output voltage. 
Optoisolator IC] accepts a MIDI signal 
from DIN jack JI through resistor Rt. 
The output of ICI is taken from pin 4 
through resistor R2 and mixed with 
the output of IC2, at switch S2. 
Resistor R7 serves as a reverse-biasing 
reference. A 3K3 resistor feeds a ycl- 
low analog signal monitoring LED, D3 
in the prototype. 

Transistor Q2 Is mounted on 
switch $1 and provides the output slg- 
nal co DIN jacks J2 and J3, through 
resistors RIO, R8, and RY, when the 
switch fs In the manual position. When 
switch SI Is In che multiple position, 
translstor Q2 Is bypassed and the key- 


board alone produces 
multiple hits when a key 
is pressed. 

Power is supplied 
by a 12-valt wall unit 
with a S-volt regulator 
and a patching chart, as 
well as a flow chart 
which can be seen in 


Figures 9 and 10, 
respectively. 
PROFESSIONAL 
QUALITY 


Since most of the 
professional studio 
devices come in 19-inch 
rack cabinets, any unit 
you are going to build 
should be in a compati- 
ble 19-inch cabinet, as 
shown in Figure 17. 

A practical rack 
cabinet can be con- 
structed inexpensively 
from aluminum angle 
molding, which can be 
purchased at any hard- 
ware store. Although 
the aluminum is thick 
enough — 1/8 inch — 
to provide a sturdy cab- 
inert, it can be easily cut 
with a hack saw and drill 
press. 

SInce the cabinet is 
only three inches deep, 
It will not interfere with 
ventilation holes of 
other cabinets and docs 


not require much ventilation itself. | that circuit boards arc insulated from 
There Is no need to include a battom 
to the cabinet so you must make sure 


* RIDE NIAN 
ee 


MOTION PICTURE 
MAG TRACK UNIT 


FIGURE 14: Mag Track Click 
Track Operation 


[ AOL MAN 


DIGITAL 
SEQUENCER 


FIGURE 15: Patch Diagram 


MULTIPLE PERCUSSION Complex Percussion Sync 
I 


INPUTS 


proper painting and lettering, your 
project will look great next to the 
commercial units. NV 


cabinets mounted below ... clectrical 
tape can serve this purpose. With 
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September 1 


CA - VACAVILLE - Hamfest. Vaca Valley 
RC & Wester States Weak Signal Sociery, 
Larry Hogue W6OMF, 707-452-9701. 
Emaik wéomi@cwnetcom 

CANADA - GN - OTTAWA iCARP] - 
Mamfest Ottawa ARC, Greg Daryichenko 
VESYTZ, 613-236-9291. 

Email: Reamarket®oarcnet 

Web: hirp-//carcnev fleamarket 

NM - ALAMOGGRDO - Hames. 
Alamogordo ARC, June Richmand KSBHE, 
$05-437-0299. Email kSirwe@zianet.com 
Web: http://woww.zianet.com/AARC/ 


September 1-2 


CT - EMRELD - Conference. Eastern 
WHF/UHF Society & North East Weak 
Signal, Bruce Wood N2LV, 631-265-1015. 
Email: bdwood! erols.com 

NC - SHELEY - Hamfest Shelby ARC, John 
Ledford W4yjL, 704-482-4507. 

Email: w4jW@sheizy.net 

Web: herp://wnwne_shetby.net/n4fan 


September 7-8 


AR - MPMA - Hamfest. Queen Wilhelmina 
State Park. 7am-Spm both days. VE test- 
ing. Queen Waheimina Hamfest Assn, 
Chariocte Lee KCSDOR, 870-442-7656 
homme or 070-442-2234 ext 107 work. 
Emaik dee1948@yahoo.com 


September 7-8-9 


CA - RIVERSIDE - Convention. Inland 
Emogwre Cound af AR Organizations, Judy 
Ann Lowman W6YBS, 909-941-2367 or 

4. Email: wéybs2 juno.com 
KE - Hamfest. Campbell 
County ARC, Jay Ostrem W7CW, 307-642- 
7039, Email: wiew@arrLnet Web: 

Dates /wrerat.wt7Ce.voOLcom 


September 8 


+ MELBOURNE - Hamfest. Platinum 
bst ARS, Joe Mitchell K4AW, 321-723- 
45. Emad: hamfest<: pcarsorg Web: 
ww wpi 
SPM Cem - Harrfest. Owen County 
ARA & Bloomington ARC, Millard Qualls 
M9OIY, 812-332-9074. Emait: 
wtinl@arrinet Web- 
hetp://wwewbloomin gtonracio.org, 
@Y - LOUISVILLE - Convenoon. auil:ce 
County Fairgrounds. Greater Louiswile 
Hamfest Assn., Herbert Rowe W4WQD, 
012-294-4905. Email: w dijune.com 
Web: hetp-// www.thepoint nev - giha 
Mi - GRAYLING - Hamfest. ARA of Hansen 
Halls, fon Schutty NEYSS, $17-348-4966. 
Email: jschul @izk.nec Web: 
neip-// www.arahh.org/swapshop.homl 
MM - RUSH CITY - Hamfest. East Central 
Minnesota ARC, Larry jilek KAQMEN, 320- 
198-4245. Ematt: ij@ecenet.com 
MY - RALISTON SPA + Hamiest. Saratoga 
County Fairgrounds. 7am-3pm. VE testing. 
Tain: 146.40/147.00, 147.04/147.24. 
Saratoga County RACES, Darlene Lake 
N2XQG, $18-587-2385 
PA - BARTOMSVILLE - Hamfest. Eastern 
PA ARA & Pocona ARK, jerry Truax N3SEI, 
$78-620-9800. Email: n3seiWarrinet 
WA - GRAHAM - Hamfest. Radio Cub of 
Tacoma, Lou Simmons KE7WDB, 253-047- 
$124, Email: kh7urd@juno.com Web: 
Betp-//wrww.w7 dicorg 


September 9 


MA - O@ANGI - Hames. Mohawk AR 

john Dould Az 05. Email: 
aeibegsnet 

MA - SOUTH BARTMOUTH - Haméesc. 

Southeastern MA ARA, Tim Smith N1Ti, 


MY - SeTraas - Harnfest. Long tsiand 
Mode ARC, Ed Muro K2EPM, $16-520- 
9311. Ema: fam fes@limarc.org 

‘Web: hcp www kemarc. org 

GH - FAINDLAY - Hamfest. Findlay ARC, gil 
hetory MOET, 419-423-4604 


phone number. 


he Events Calendar is a free service for publicizing electronic events such as 
amateur radio hamfests, flea markets, etc. If your organization is sponsor- 

ing an event and would like a free listing, contact us at least 60 days in advance. 
Inciude your flyer, estimated attendance, name of the person to contact, and 


Complimentary issues are available upon request for distribution to your 
attendees. A street address for UPS is required. 

While we strive for accuracy in our calendar, we can not be responsible for 
errors or cancellations. The information contained in this column is for the use of 
the readers of Nuts & Volts and may not be republished in any form without the 
written permission of T & L Publications, Inc. 


All listing information should be sent to: 
Nuts & Volts Magazine 
Events Calendar 
430 Princeland Court 
Corona, CA 92879 
Phone 909-371-8497 
Fax 909-371-3052 
E-mail events@nutsvolts.com 


Email: kanga’c brightnet Web: 
hecp//www-brightner/- kanga/weéfceh 
amFest hom! 

PA - BUTLER - Westem PA Section 
Convention. Farm Showgrounds, Roe 
Airpoct. Bam-4pm. Talkin: 147.36+. Bucler 
County ARA, Kevin Berry KFARMA, 724- 
586-1182 Email: kfarmasarrinec Web: 
herp-//wwrw.gsLneu w3udx 


September 14-15 


AL - MOBILE - Hamfest. Mobile ARC, Larry 
Early WB4YOR, 334-342-7601. Web: 
hetpe/ /wrwew_ an gelfire.com/al/ marc3 


September 14-15-16 


TL - PEORIA - {1 State Convention. 
Exposidon Gardens. Fn: 3pm-dark, 
Commercial Bidgs., Sat: 8am-4:30pm, Sun: 
Sam-3pm. Gates apen 6am Sat & Sun. FCC 
testing. Talkin: 147.075~. Peoria ARC, 
emaik wSuviG arrLnet Web. 

www. w9uvLorg 


September 15 


A® - UTTLE ROCK - State Conventian. 
Central AR Radia Emergency Net, Scott 
Dercen KSSCD, 501-837-7888. 

Email: hamfest3 carendub.com 

Web: http//www.cerendub.com 

AR - SILOAM SPRINGS - Hamfest. St 
Mary s Catholic Church, 1996 Hwy. 412 E. 
am-3pm. Talkin: 146.67. Siloam Springs 
ARC, Matt Hyde NSUYK or Sherry Hyde 
N5UXI, 501-524-4797 

GA - DALLAS - Hamfest. Peulding ARC, 
Bill Houston W/D4LUQ, 770-445-9191. 
Email: bhouston@atinet Web: 

herp /www.pauldingarccom 

IL - ROLLIMG MEADOWS - Convention. 
Holiday inn. Northem IL DX Assn., Bill 
Smith W9VA, 847-945-1564. 

Email: w9vaaoLcom Web: 
horp//wrarw.qttLcom w9dxec 

IM - MOBLES VILLE - Swapfest. Forest Park 
Pavilion. 8am-2pm. IN Historical, Mike 
Feidt, 117-844-0635. Email: 
feldem@iquestnet 

Ml - CALEDONIA (GRAND RAPIDS) - 
Hamfest. Grand Rapids ARA, Lowell ARC, 
& Mi AR Alliance, Ed Novakowski N8UXN, 
616-458-9029. Email: hamfest 7 wadcorg 
Web, http-//www.w8dcorg 

PA - SCHMECKS VILLE - Hamfest. 
Community Fire Co. #1. Talkin: 146.70/R 
(PL 1$ 1.41, 444.90/R (PL 151.4). Delaware- 
Lehign ARC Dick Dech KAIMOU, 610-837- 
1585. Email: kadmou's enter.net 

Ri - FORESTOALE (MORTH SMITHFIELD) - 
Flea Marker Rhode Istand Amateur FM 
Repeater Service, Rick Fairweather K1KYI, 
401-725-7507 ‘7-8 PM only:. Email: 
kikyi«arrinet 


September 16 


AK - FAIRBANKS - Hamfest. Arcuc ARC, 
jim Movius KL7JM, 907-452-6347, Email: 
ajmovius®genet Web: http://www.mo 
squitonet.coms” fbrown/01hamfes.heml 
CT - NEWTOWN - Hamfest. Edmond Town 
Hail, Rt. 4. 9am-2pm. Talkin: 146.67- PL 
100, Candlewoad AAA, Ken Welth KD1DD, 
263-743-9181. Emall: weithranch ®snecnet 
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COMPUTER SHOWS 


| AG] Shows, 317-299-8827 
E-Mail: info@agishows.com 
hitp://www.agishows.com 


Blue Star Productlons 
612-788-1901 
http://www.supercomputersale.com 


Computers And You, 734-283-1754 
www.a l-supercomputersales.com 


Computer Central Shows 
630-782-4625 Fax 630-834-2594 
,; E-Mail: cc@gats.com 
www.camputercentralshows.cam 


Computer Country Expo 
847-662-0811 Web: www.ccxpo.com 


Five Star Productions 
810-379-3333 E-Mail: jeff@fivestar 
www. fivestarshows.com 


Gibraltar Trade Center, Inc. 
734-287-2000 Taylar, MI. 

E-Mail: taylor@gibraltartrade.com 
www. gibraltartrade.com 


Gibraltar Trade Center, Inc. 
810-465-6440 Mt Clemens, Ml. ; 
E-Mail: mtclemens@gibraltartrade.com { 
www.gibraltartrade.com 


KGP Productions 
1-800-631-0062, 732-297-2526 | 
E-Mail: kqgp@mail.com 


MarketPro, Inc., 201-825-2229 
http://www.marketpro.com 


MarketPro, Inc., 301-984-0880 
E-Mail: md@marketpro.com 
http://marketpro.com 


ComputerShow 
770-663-0983 

E-Mall: narissam@aol.com 
Web: http://www.shownsale.com / 


Northern Computer Shows 
978-744-8440 { 
E-Mail: inquiries@ncshaws.com | 
Web: ncshows.com | 


Peter Trapp Computer Shows 
603-272-5008 


Web: www.petertrapp.com 


Web: www.danbury.org/cara 

KS - SCOTT CITY - Swapfest. Fairgrounds, 
4-H Bldg., on US 83. ipm-4pm. Sand Hills 
ARG Inc, Floyd Cook, 620-872-2625 or 
email: fcookodsgcnet 

www.odsge.nev share/whatsnew.honls 
MA - CAMBRIDGE - Hamlest. MIT Radio 
Society/Harvard Wireless Club/MIT UHF 
Repeater Assn., Steve Finberg W1GSL, 
email: wigs! mitedu (Nick Altenbernd 
KAIMQX, 617-253-3776 9am-Spm.) Web: 
http-//web.mitedu/wimx/www/swaplest 
-htm| 

MI - ADRIAN - Hamfest Lenawee County 
Fairgrounds. Adrian ARC, Ted Rachwal 
KBAQM, 517-263-0615. Email: 

tjrachwal% home.com Web: 
hitpa/www.LNLnet/- watge 

OH - CINCINNATI - Hamfest. Greater 
Gncinnad ARA. James Véeaver KA@JE, 513- 
459-0142. Emall: k8je“arrl.net Web: 
http-//cincinnatiamateurradlo.com 

PA - YORK - Hamfest. York County School 
of Technology. VEC testing. York Hamfest 
Foundation, 717-764-8193. Email: 
w3sst%yorkhamfestorg Web: 
hetpv/wwvw.yorkhamfestorg 


September 22 


AR - RENTOWVILLE - Hamfest. Benton 
County Radlo Operators, Shirley 501-451- 
8626 of Betty 417-435-2332 

CA - SANTA ROSA - Hamfest. Lewls Adult 
Education Center, VE session. Sonoma 
County RA, Inc, Rick Relner K6ZWB, 707- 
575-4455. Web: http://vww.cds f.net/scra 
FL - NEW PORT RICHEY - Hamiest. New 
Port Richey Recseatlonal Center, 6650 Van 
Buren Rd. 9am-3pm, Talkin: 145.35. 


Suncoast ARC, Owen Godwin KI4CT, 813- 
909-1336. Email: ki4ctGartl.nec 

NE - LEXINGTON - Hamfest. Heartland 
Museum of Military Vehicles. Heartland 
ARA, Mark Voris NOVUB, home emall: 
Marvoris@nque.com or nOvub@anl.net 
Work email: mvoris@krvn.cam 

HM - DEMING - Hamfest, tailgate only. 
Deming ARC, Millie Gromatzky KA7LYR, 
505-544-4298. Email: kw7d@swnm.com 
Web: hetp://www.zlanet.com/darc 


September 22-23 


It - GRAYSLAKE - Hamfest. Lake County 
Fairgrounds, Rts. 45 & 120. Sat: Bam-4pm, 
Sun: @am-3pm. VEC cesting. Talkin: 
146.16/76 (107.2 PL). Chicago FM Club, 
Gerald Spearman W9EG, 630-628-1501. 
Emall: Beralespearmaniamsn.com Web: 
http://www.chlcagofmclub.arg 

VA - VIRGINIA BEACH - Convention. 
Virginia Beach Pavilion, Sat: 9am-5) im, 
Sun: 9am-2pm. Talkin: 146.970. Tidewater 
Radlo Conventions, Art Thlemens AA4AT, 
757-484-2857. Emall: chiemens“spinn.net 
Web: hetp://www.vahamfestcam 


September 23 


ww.thisistrue.com/barclicml 
MD - WEST FRIENDSHIP - Hlamfesc. John 
King KD3WK, 410-465-6324. Emil: 
kbawk‘<arrl.net Web: 
hutpy/www.qsLneveara 

HJ - HORTH CROSSWICKS - Iiamfest. 


SEwewis CALENDAR 


Delaware Valley RA, Glenn Costello 
N2RPM, 609-882-2240. Email: 
abbott0903@aol.com Web: 
http://www.slaccom/w22q 

OH - BEREA - Hamfese. Cuyahoga County 
Fairgrounds, Eastland Road Entrance. 
Bam-2pm. VE exams. Talkin: 146.73- PL 
110.9. Hamfest Association of Cleveland, 
Ed Santavicca AASTV, 800-253-3378. 
Email: infowhacorg Web: 
http://www.hacorg 


September 28-29 


‘TH - SEVIERVILLE - Hamfest. Ten-Tec, 
Stan Brock WDOBGS, 865-453-7172. 
Email: sales@tenteccom 

Web: http://www.tentec.com 


September 29 


AL - DOTHAN - Hamfest. Wiregrass ARC, 
Karl Davis KD4EXZ, 334-677-7485 

AZ - KINGMAN - Hamfest. Hualapal ARC, 
Bill Heaman KAOIYS, 520-753-2293 

FL - ORMOND EACH - Hamfest. Daytona 
Beach ARC, John Munsey KB3GK, 907-677- 
8179, Email: munseyj@mindspring.cam 
Web: http://dbara.org 

MS - STARKVILLE - Hamfest. ARRL MS 
Section, Malcolm Keown W5XX, 601-634- 
3232 work, 601-636-0827 home. Email: 
w5xxe arrlarg 

NY - HORSEHEADS - Hamfest. Chemung 
County Fairgrounds. 6am-3jpm. FCC exams. 
Talkin: 146.70-, 444.20. ARA of the 
Souther Tler, Randy Viele N2SYT, 607- 
625-5893 (days) or 607-738-6857 (eves). 
Email: n2syt@arastorg 

Web hetp://www.arastorg 


September 30 


1A - WEST LIBERTY - Hamfest. Muscatine 
& lowa City ARCs, Mike Hayden KBOTFT, 
319-262-8790. Email: kbotft@arrl.net Web: 
hitp://www.gs!.nev/kcOaqgs/hamfest.heml 
MD - DOWIE - Hamfesc. Prince George's 
Stadium. VE exams. Talkin: 147.105+, 
146.520 simplex. FAR, Dan Blasberg 
KASYPY, 301-345-7381. Email: 
blasberg#bellatianticnet 

NY - YONKERS - Flea Market Lincoln High 
School, Kneeland Ave. 9am-dpm. VE 
Exams. Talkin: 440.425 PL 156.7, 223.760 
PL 67.0, 146.910, 443.350 PL 156.7. Metro 
70cm Network, Otto Supliski WB2SLQ, 
914-969-1053. Email: wb2sIq@juno.com 
Web: http://www.metro70cm 
network.com 

WA - CHEHALIS - Hamfest. Chehalis Valley 
ARS, Bill Harwell KC7QH], 360-748-8086. 
Email: ke7qhj@arrl.neec Web: 
http://www.cvars.org 


OCTOBER 2001 
October 5-6 


NH - HOPKINTON - Hamfest 
HOSSTRADERS, Joe Demaso K1RQG, 207- 
469-3492. Email: kirqg@aol.com Web: 
hrep://www.gsl.net/k irge 


October 6 


FL - JACKSONVILLE - Hamfest. FL 
Community College, Narth Campus, 4501 
Corer Rd. 6:30-2pm. Crown Amateur 
Radlo Convention Committee, Billy 
Williams N4UF, 904-765-3230. Emall: 
n4uf@nofars.org or Willis Layfield KD4UJK, 
904-765-1104, email: willis@kd4ujk.com 
Web: http://www.nafars.org/hamfesthtm 
KS - HOLTON - Hamfesc. Atchison Caunty 
ARC, Joel Breakstane K1CQ, 785-945-3763. 
Emall: Joel@ksdocorg 

WJ - HACKENSACK - Hamfest. Bergen 
ARA, James Joyce K2Z0, 201-664-6725. 
Email: |Joyceecybernex.net Web: 
htep://www. bara.arg 

NY - POMPEY HILLS - Hamfest. Radio 
Amateurs of Greater Syracuse, 315-698- 
4556. Email: ragsonilne@hoctmail.com 
Web: http://www.pagesznet/ rags 

PA - LANCASTER COUNTY - Tailgate Fest. 
Red Rose Repeater Assn., Dave Phillips 
W4CWE, 717-872-6578. 

Email: {jcd@prodigy.net 

Web: hetp://www.qsl.net/rrra/ 

S¢ - ROCK HILL - Hamfest. York County 
ARS, Sheila Parrish KG4CDF, 803-328-5983. 
‘oy @cetlink.net 

LTON - Hamfesc. Bell County Expo 
Center. VE testing. Talkin: 146.820- PL 123. 
Temple ARC, Mike LeFan WASEQQ, 254- 
773-3590. Email: hamexpo@tarc.org Web: 


October 7 


CT - WALLINGFORD - Hamfest. 
Mountainside Special Event Facility, High 
Hill Rd., Exit 15, Re 91. 9am-3pm. Talkin: 
147.36. Meriden ARC, Inc, 

email: nutmeghamfest@ qsl.net 

Web: www.qsl net/nutmeghamfest 

IL - BEARDSTOWN - Swapmeet. UFCW 
Union Hall, Arenzville Rd. Bam-Spm. 
Talkin: 146.715. IE Valley ARC, Tim 
Childers, 217-245-2061, email: 
kb9fbi@arrl.net or Butch Tritsch KB9LZP, 
217-322-2803, email: bruce@jacil.org 

IL - DECATUR - Decatur Old Fashioned 
Hamfest, Jerry Sebok N9RBQ, 217-423- 
2095 

IN - BEDFORD - Hamfest Lawrence 
County 4H Fairgrounds. FCC testing. Talkin: 
145.310. Hoosier Hills Ham Club, Jerome 
Kutche NOLYA, 812-849-0095. Email: 
n9lya@blueriver.nec Web: 
hetp:7/www.hoosierhillshamfest.org 

OH - MEDINA - Hamfest. National Guard 
Armory, 920 W. Lafayette Rd. 8am-2pm. 
VE testing. Talkin: 147.030+. Medina Two 
Meter Group, Mike Rubaszewski N&TZY, 
330-273-1519. Emall: natzy@m3netnet 
Web: Nttp://www.qsl. neym2m 


October 10 


FL - ORLANDO - Hamfest. The Bahia 
Shrine, 2300 Pembrook Dr. 6am-2pm. 
Talkin: 147.390. Larry KG4CON 407-648- 
8489, email: king4conénetzero.net. Alan 
407-740-7817, email: alble1820@earth 
linknec. Ed KY4E 904-736-7770, 
ky4e@excite.cam 


October 12-13 


FL - WALDO - Hamfest. The Trading Post 
Rescaurant. Fri: 2-6pm, Sat: dam-2pm. 
Talkin: 145.150. Tony 904-964-9326, 
email: wb2fgl@arrl.net. John, email: 
hamfest@kuday.net. Web: 
www.angelfire.com/fl/arcba/hamfesthtm! 
tyr 


October 13 


FL - PLANTATION - Cy Harris WAMAQ 
Memorial Free Flea. Motorola, 8000 W. 
Suntise Blvd., Northeast parking lot. 
Talkin: 146.79 (-600). Robin Terrill N4HHP, 
954-583-3625. Email: 

kg4chw@arrl.net Web: 
www.geocities.com/bcepn/freeflea.html 
FL - STARKE - Hamfest. ARC Bradford 
Area, John Bradley KU4AY, 904-782-1185. 
Email: hamfest@kuday.net Web: 
http://kuday.net/starkehamfest hom 

FL - TAMPA - Hamfesc. Egypt Shrine 
Temple, Keith Dean KA4JLW, 813-879- 
2449. Email: kwdean@gte.net 

GA - AUGUSTA - Hamlfest. Evans Middle 
Schoal. 9am-3pm. VE testing. Talkin: 
145.490-. ARC of Augusta, Henry 
Arostegul KN4AV, 706-793-1625, emall: 
kn4ay@bellsouth.net or 

Jay KG4LEY, 706-651-9504, emall: 

kg4ley @bellsouth.net 

HI - HONOLULU - State Convention. 
Koolau ARC, Walt Niemczura AHé0Z, 808- 
263-3872. Email: ahéoz@arrl.nec Web: 
hetp://www.chem.hawail.edu/kare/ 

IL - SALEM - Hamfest. Centralia Wireless 
Assn., Daisy King AAQEK, 618-532-6606. 
Email: bking@accessus.net 

MY - LAKE PLACID - Hamfest. Northern 
New York ARA, Chuck Orem KD2AJ, 518- 
563-6851. Email: kd2a]@ardl.net Web: 
htutpv/www.geodties.com/nnyara 

TH - OAK RIDGE - Hamfest. Fraternal 
Order of Eagles Bldg., 1650 Oak Ridge 
Turnpike. 9am-3pm. VE exams. Talkin: 
146.88. Oak Ridge ARC, David Bower 
K4PZT, Email: d.bower@leee.org 

VA - STAFFORD - Hamfese. Stafford ARA, 
Rich Diddams KFSUTH, 540-657-8322. 
Email: rididdams@earthlink.nec Web: 
http://www.n4nw.org/Hamfesthtm 

WA - BREMERTON - Hamfest. North 
Kitsap ARC, Susan Johnson AB7MD, 360- 
697-9379. Email: nkarc@yahoo.com Web: 
www.silverlink.nev/nkarc/hamfesc html 


October 14 


IL - OAKBROOK TERRACE - Hamfest. 
Entrance at Park View Dr., north fram 
Cermak Rd. 8am-ipm. CARC, Melissa 
Meneely KB9QW2Z, 773-384-7514 or Dean 
NB9Z, 708-331-7764. 

Email: carc_inc@hotmail.com 

Web: http://www.chicagoarecom 

IN - GREENFIELD - Swapmeect Riley Park. 
7:30am-2pm. IN Historical Radio Society, 
Glenn Fitch, 765-565-6911, email: 
glenn.fitch ¢cnzcom 

Mi - DIMONDALE - Hamfest. The Summit, 
9410 Davis Hwy. 8am-2pm. VE testing. 
Talkin: 145.390- or 146.520 simplex. 
Central MI ARC & Lansing Civil Defense 


Packs & Charger for YAESU FT-SOR/40R/10R: 
FNB-40ch smn = 7.24 G50mAh $41.95 
FNB-47xh nese 7.2¥ 1800mAn $49.95 
FNB-41xh jsenssy 9.6v 1000man $49.95 
For YAESU FT-SIR/ 41R/11R 
ENB-38 pace" 9.6v _700mAn 
For YAESU FT-530/ 416 7816/76/26. 
FNB-26,e0en = 7.2v. 1500mAn $92.85 
ENG-27sserug 12.0V_1000mAn $45 $5 
For YAESU FT-411/470/ 73/33/23 
FNB-11 pack (so) = 12.00 G00mAh $24.95 
FRA-10 8Cell AA case $14.95 
Packs for ALINCO DJ-580 /582/ 180 radios. 
EBP-20n5 pack 7.24 1500mAan $29.95 
EBP-22nh ye (t@) 12.0¥ 1000mAn $36.95 
EDH-11 G-Cell AA case $14.95 
Par COM IC-29A 1 122-424 /WI1- 2A /T7A 
BP.1G0aK ya wen 7.2V. 1000man $39.95 
AP-1730 9.6y  7O00mAn $49.95 
Tor (COM IC-W21A /2GXAT /V2TAT nme dens 
DP-1325yrernny 12,0 16 O0mAn $49,956 


39.95 


[rcs SUMMER SPECIALS! 


For ICON 1C-2SAT/W2A/3SAT / 4SAT etc. 
BP-23 nnre T.2v_ 600mAn $23.95 
ForiCOM O2AT otc & Radia Shack rT 202/405 
BPH pack B.4v 1400mAn $32.95 


BP-202S ont pirxz07) 7.2v 1400mAh_ $29.95 
For KENWOOD TH-.794/42A/22A 


PB32x1) pace rasan 6.0y¥ 1000mAh $29.95 
PB-24xhowscenise 9.6¥ 1000mAn $39.95 
For KENWOOD TH-78 /48/ 28/27 

PB-13imsmeveen _7,.2v 700mAn $26.95 
For KENWOOD TH-77. 75, 55, 46, 45, 26, 25° 
PEV-&x wanes wrngyaey) 7.2V_1200mah 

Mul, phono, & Fax ardars walcoma! Pay with 

Mantoteard / VISA/ DISCOVER / American Express 
Cali 608-831-3443 / Fax 608-831-1082 


Mr. NiCd - £2 Hd. Yost & Conipany 

2211-D Paivlow Road, Middloton, WI 53562 
CALL OR WRITE FOR OUR FREE CATALOG! 
Cebu Laptop Vadeacam { Commaeroal & Avaton packs too! 
E-matl: ehyost @midplains.not 
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SATELLITE TV - 
The SECRETS are REVEALED! 


The principles of security 
Descrambler building blacks 
Smart cards, Information wars & stupid mistakes 
Cracking codes (includes DirecTv source code) 
Installing and hooking up descramblers 


Repeater Assn. J. Ervin Bates W8ERV, 517- 
676-2710. Emall: waerv@arl_net Web: 
http//www.qsl.net/Icdra/hamfair.org.-homl 
OH - ASHLAND - Hamfest. Ashland 

Area ARG John McMurray KCBAAR, 
419-281-3117. Email: 
Johnamemurray@myexceLcom 

PA - WRIGHTSTOWN - Hamarama 2001. 
Mt Airy VHF Radio Cub (Packrats), Joe 
Keer WK], 215-256-1464. 

Emall: packrats_wices@yahoo.com 

Web: http://www.l).net/packrats 


October 19-20-21 


CA - CONCORD - Convention. Sheraton 
Hotel. Mt. Diablo ARG Web: 
www.pacificon.org 


October 20 


CO - GOLDEN - Hamiest. Jefferson County 
Falrgrounds, 15200 W. 6th Ave, Bam-2pm. 
VE testing. Talkin: 144.62/145.22. Rocky 
Mountaln Radio League, Inc. Ron Rose 
NOMQJ, 303-985-8692. Email: 
nOmaqj@arl.net Web: 
http://rmrl.hamradios.com 

LA - LAKE CHARLES - Hamfest. 
Southwest LA ARC, Charlie Blankenship 
WBSNXD, 337-478-7566. Email: 
wb5nxd@yahoo.com 

OR - RICKRBPALL - Hamfest. Mid-Valley 
ARES, Bud Smith N7BUD, 503-838-0266. 
Email: n?bud@arri.nec Web: 
www.teleport.com/- binder/swap.html 
TX - DENTON - Hamfest. Denton County 
ARA, Clint Miller KDSBYY, 940-390-5338. 
Email: cmiller@dentonhamfestorg Web: 
hetpy/dentonhamfestorg 

TX - HOUSTON - Hamfest. Clear Lake ARC, 
John Taylor KDSIHO, 713-504-1403. Email: 
kdsiho@swhell.net Web: www.clarcarg 


October 20-21 


GA - ROME - Hamfest. Northwest GA AR 
Ed Byars WBSFGM, 706-235-2048. Email: 
biged5341@aol.com Web: 
WWw.wavegate.com/ - chall/home.html 


October 21 


MA - CAMSRIDGE - Hamfest. MIT Radio 
Soclety/Harvard Wireless Gub/MIT UHF 
Repeater Assn., Steve Finberg W1iGSL, 
email: wigsl@mitedu (Nick Altenbernd 
KA1MQX, 617-253-3776 9am-5pm.) Web: 
http://web.micedu/w1mx/www/swapfest 
-honl 

Ml - KALAMAZOO - Hamfest. Kalamazoo 
County Fairgrounds. Talkin: 147.040, 
Kalamazoo ARC & SW Mi Amateur Radio 
Team, Charlle Burgstahler KBABEO, email: 
charlieb@nec-link.net. Web: 
hetp://www.qsl.netv/kablo/hamfesthun 
MI - WARREN - Hamfest. Utica Shelby 
Emergency Communication Assn., 
Delphine Wrona KC8JSH, 810-791-4669. 
Email: delwrow@attnet Web: 
hetp-//www.useca.org 

NY - QUEENS - Hamfest. Hall of Scence 
parking lot, Flushing Meadow Corona Park, 
47-01 111th St. VE exams. Talkin: 444.200 
repeat, PL 136.5, 146.52 simplex. Hall of 


HACKERS BIBLE ! 


Serambling Systems 


Video manipulative systems...and much more... 


www.baylin.com 


or... Call 800-483-2423 


ORDER via Internet or Send $60 plus $5 s/h to: 
Baylin Publicatlons, 1905 Mariposa, Boulder, CO 80302 
MASTER,VISA & AMEX [COD orders accapted 


576 pages, & x 8-1/2 


NEW! 
Sth Edition 
Telephane: 303-449-4581 
FAX: 303-039-8720 


FREE CATALOG - Satellite TV books, videos and software 


Write In $4 on Reader Barvica Card. 


Leow 


Sovexees CALENDAR 


Soence ARC inc. Steve Greenbaum 
WE2KDG, 718-398-5599 eves only. Email: 
WE2ZKDG@Bigioctccm 

Pa - SELLERSVALLE - Harnfest. Sellersville 
Fre House, Rt 152. VE testing. Talkin: 
145.31. RF Hill ARC, Linda Erdman KA3T]Z, 
215-479-5764. Email: rfhillarc ; yahoo.com 
Wel: httpyswenw.sthiLamprorg 


October 26-27 


O& - KINGSTOM - Texama Hamarama 
ASSL, Len Carison K4IWL1, 972-519-0521. 
Email: kéiw!@arri.net 

Web: http-//wwns_angelfire.com/pDs/T 
exomaHamarama/ 


October 27 


CAMADA - QUEBEC - LONGUEUIL - 
Hamfest. Montreal Sourh ARC, Micheline 
Simard VE2XW, 450-446-0477. Email 
ve2xwiamsatorg “ 
CT - WATERFORD - Aucuor. Senior 
Guzens Cerner, Waterford Municpal 
Complex, Rt aS. Talkin: 146.97 PL 156.7. 
Tn-Ory ARC Oarry! DeiGrosso, &60-443- 
7799. Email: DDe!zrossa’?aolLcom 

Fil - JACKS OMVELLE - Hamfest. Moracca 
Shnne Auditorium, 3400 $ Sc Johns Bluff 
Rd. Sat dam-4pm. VE exams & upgrades. 
Talkin: 146.74, hackup 146.88. Greater 
Jacksonville Hamfest Assn, Richard 
Smythe KF4PEL, 904-739-9713. Emaik 
esmythe2 ; bellsauttnet Web: www.jack 
sonvilleney -lricvJAXHAMFESThtml 

MM - ST. PAUL - Hamfest RiverCentre. 
Qam-pm. VE exams. Twin Gties FM duh, 
Amanda Roberts KGOAY, 612-535-0637 or 
491-468-4050. Email keGay: pdink.com 
Web: hetp.//) wane hamfecemorg 

MQ - ST. LOUTS - Hamifest. Kirkwood 
Community Center, 111 N. Geyer Ra 
7:38am-1pm. VE exams. Talkin: 146.31- 
91. St Louis ARC & Gateway t Ham 
Radio Cub, Steve Weltan WOSLW, 314- 

638-4959. Emak siwGpartyinenet 

Web: htrp.//wwrw_halloweenhamfescorg 

MM - SOCORRO - Har-fest Socorro ARA, 

NM Tech ARA, & Cty of Socorro, Al Braun 

ACSBX, 505-938-3370. Emak 

acShx®@juna.com Web: 

www ees nmtedu/sera‘homepagehonl 

SC - SUMTEM - Harfest. Sumter ARA. Cari 

Ecabert AAIMD, 603-469-7183. Ema: 

aatmdGsumternet Web: 

hapy /wwnw.geoaties. com/Capetanaseray 

1695/sarahon 

TM - EAST RIDGE (CHATTANOOGA) - 
Hamfest. Chatranocga ARC, Louise Carter 
KEADGW, 423-821-4043. Email: 
kedGgwmen.com Web: 

harps /wwrw harrfestchatrancoga.com 


October 28 


1A - DES MOGMES - Hamfest Tikva Tracers 
AARC & lowa Assn. of AR Gubs, Rod Ivers 
MOOBW. 515-278-9945 of 515-276-0500. 
Emel judbw ari net 

MD - WESTMIMSTER - Hamfest carci 
County Agricultural Cermer. VE session. 
Tadkm: £45.41-. Carroll County ARC Inc, 
email: iJ pmn@arrLnet. web: 

Rtgp-// ww weges.nev - k3pzm 


WY - LINDENHURST - Hamfest GSBARC & 
SCR, Phil Lewis N2MUN, 631-226-0698. 
Emaik Info@gsbarcorg 

Web: http//www.gsbare.org 

OH - CANTON - Hamfest and Auction. 
Stark County Falrgrounds, 305 Wertz Ave. 
NW. Bam-3pm. Talkin: 147.18+. Massillon 
ARC, Terry Russ N@ATZ, 230-837-3091. 
Emait marchamcubsjuno.com Web: 
http-//www.gslnet/winp 


NOVEMBER 2001 


November 2-3 


TX - ODESSA - Hamfest. West Texas ARC, 
craig Martindale W5BU, 915-366-4521. 
Email: wSbu 3armLnet 


November 3 


FL - UMATILLA - Hamfest. Lake ARA, John 
Gabele W&KCE, 352-394-2723. Email: 
w8kce3aoLcom Web: 
http-//www.gsLnec/kéfc 

OK - ENID - Hamfest. Garfield County 
Fairgrounds, Hoover Bldg. 4am-5pm. VE 
testing. Tatkin: 145-29 -600, 444.400+ 5.0. 
Enid Hamfest Group, Tom Worth N5iWT, 
580-233-8473 of Fred Selfridge WASOU, 
$80-242-3551. Email: 
enidhamfest 3 yahoo.com 


November 3-4 


GA - LAWRENCEVILLE - State Convention. 
Gwinnett County Fairgrounds. Alford 
Memarial RC, Randy Bassett KR4NQ, 770- 
663-4244 xt 1989. Email: 
KR4ANQ®higfoatcam Web: 
www.torsadioorg 


November 4 


1A - DAVENPORT - Hamfest. Davenport 
RAC, Dave Mayfield WOWRL, 309-762- 
6010. Email: hamfest 5 gwitd.com Web: 
hogpe// www.w9wrLcom/hamfest 

Mi] - ST. JOSEPH/RENTON HAREOR - 
Hamifest. Blassomiand ARA, Duane 
Durflinger KX8D, 616-982-0404. Email: 
comdacs comdaccam Web: 
www.comdac.conybara 


November 10 


AL - MONTGOMERY - Hamfest AL State 
Fa:rgrounds, Garrett Coliseum, Federal! Dr. 
Qam-3pm. CAVEC testing. Talkim: 146.84 
W4AP. Montgomery ARC, Dennis Rumbley 
KS4U0, 334-409-9971. Email: 
ks4uoSarrLnet Web: 
hitp-//jschocLtroystedus - w4ap/ 

FL - PORT ST. LUCIE - Hamfest. Port Sc. 
tude ARA, John Cruz KT4VI, 561-465- 
9533. Ema: brothercruz% cs.com 

OH - GARFIELD HEIGHTS - Hamfest. Laura 
Lonezak, 216-663-3258. Email: 

1n4jsC visrinet 

OH - GEORGETOWN - Hamfest. Grant ARC, 
Bat Silman KE8TQU, 937-446-2234. Email: 
Huggee SBrightnet 

3¢ - MYRTLE BEACH - Hamfesz. Grand 
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Strand ARC, Gordon Moaneyhan KE4HXL, 
043-448-9379. Email: beachfest2001@hot 
mailcam Web: http://www.w4gs.org 

TX - AZLE - Hamfest. Tri-County ARC, Jim 
Alello NSQU, 817-444-9465. 

Email: drjalellogaol.com Web: 
heep-//www.gsl.net/teare-ntx 


November 14 


IL - CHICAGO - Auction. DeVry Institute of 
Technology, 3300 N. Campbell. chicago 
ARG, Inc, Melissa Meneely KEIQWZ, 773- 
384-7514 or Dean NB9Z, 708-331-7764. 
Email: car¢_ine@hotmail.com web: 
httpy/www.chicagoarccom 


November 16-17 


MS - OCEAN SPRINGS - Hamfest. West 
Jackson County ARC, Emle Orman 
WSOXKA, 228-392-2816, 

Email: wSoxa@artl.net Web: 
https/www.datasync.cam/-wSoxa 


November 17-18 


IN - FORT WAYNE - State Convention. 
Allen County War Memorial Coliseum 
Expo Center, 4000 Parnell Ave. Sac: S9am- 
4pm, Sun: 9am-3pm. Talkin: 146.88-. 
ACARTS, James Boyer KB9IH, 219-489- 
6700, Emall: jhoyer@ail.com 

Web: httpy/www.acarts.com 


November 24 


FL - OCALA - Hamfest. Booster Stadium, 
NE 36th Ave. dam-2pm. Marion County, 
352-236-0744 voice. Email: 
jrcomm@adanticnet 

IN - EVANSVILLE - Hamfest. EARS, Neil 
Rapp WH9VPG, 812-479-5741. 

Email: ears@w9ear.org Web: 
httpy/w9ear.org.hamfesthun 


November 25 


IL - WHEATON - Radio Fest & Flea Market. 
DuPage County Fairgrounds. Fire & Radio 
Traders Saclery of Northem IL, 630-826- 
7981. Emall: alf3148@megsinetnet 


DECEMBER 2001 


December 1 


AZ - MESA - Hamfest. Superstition ARC, 
Ed Cole KB7RMO, 520-468-9015. Emall: 
colej% cybertrails.com 


December 1-2 


FL - PALMETTO - Hamfest Manatee 
County Convention and Civic Center, One 
Haben Blvd. at US41. The Florida Gulf 
Coast ARC, Fred Hendershot N3BUL, 813- 
671-9556. Emall: fgcarc% fgcarcorg Web: 
hups/www.fgcarcorg 


December 2 


MI - HARRISON TOWNSHIP - Hamfest. 
LAnse Creuse ARC, Gregg Crump KC8PXx], 


810-463-0729. Email: grcrumphome.com 
Web: www.ameritech.nec/users/Ic_ 
are/index.htm! 

December 9 
IN - GREENFIELD - Hamfest. Greenfield 
Central High Schoo! Pavillon, 810 N. 
Broadway St. dam-2pm. VE testing. Talkin: 


145.330-. Hancock ARC email: 
kh9vzi@excite.com Web: www.w9atg.org 


Why should you 


subscribe ta 
Nuts & Volts? 


Vl tell you why. Because you 
won't want to miss any of the 
great features coming up in 
the next few months. 


We have articles in the works 
for launching and tracking 
model rockets, more on giving 
your project a USB interface, 
SCR and Triac principles and 
circuits, controlling lights and 
appliances with your comput- 
er's serial port, furnace fan 
control, computerized heart 
monitor, lots more robotics, 
microcontrollers, kits, projects 
and just about everything else 
an electronics hobbyist could 
ask for. 


So don’t wait! Just think about 
all you don‘t want to miss and 
get that order in now! Before 

it’s too fate! 


On the web 
www.nutsvolts.com 


1-800-783-4624 


© TechsChat live chat room. 


® Automated cmail list server. 


Write in £0 on Resder Garvica Card 


5 > 
= = yy 

Saat = sf) 

wwe. 


For only $7.95 a month, youll receive a wealth of information. 


© Private user discussion forums. 


Nuts & Valts Mayaziie/Strumuce 2001 


Repair data for TV, VCR, monitor, audio, camcorder, & more. 
Over 100,000 canstantly updated problem/solutions plus... 


© UL/FCC number lookup. 
@ Hot tips bulletin board. 
© Manufacturer information. 


To access RepairWorld, direct your internet browser to hitp://www.repalrworld.com 


Electronix Corp. 1 Herald Sq, Fairborn, OH 45324 (937) 878-9878 


28 


CALL TOLL-FREE 
(800) 292-7711 Orders & A -- 
Only 


™ CALL OR WRITE 
FOR OUR 
FREE 


; ; 64 PAGE CATALOG! 
Se Habla Espafiol secure On-line Ordering @ cs-sales.com (800) 445-3201 


Digital Multimeters Deluxe Soldering Stations 


Elenco Mode! M-1740] Elenco Model LCA-1810| Elenco Model LCM-1950 Fluke 87Ill Elenco SL-5 Series 


P 95 $ 9 Elactronically controlled. ideal for profassionals, students, and 
5 $ 95]. $ 
534, 99. 69. |e $319 


hobbyisis. Available in kil form of assembled. 
As Low As 


1 Fisctions : « Cap 0 1pF mF + Lange 1°34 Dgt ~ 1 Features hgh orks wi any $ 95 
«freq fn ot « Induetanea Iuh ta Lco pedoemonca ron! Turn any ; 
ey fa Dy am ® Auforung mg Firg AC-DC voltaga . = 

AG UG voninge . Fonetores aoit to AH gad current soldering iron Fealures: 
. a Lal | 8] - , e 

om = Cap ta £00 F measurement, into a variable 4 i 
* <lergarue 20C ¢ Cushion Grip Handia 

Oeexte Teal m 7506 aerators as a \ 3 


= Travaucire toss * Res to 4.00000) Saldsring Iron (optional) with 


a Binate UL-1704 . « Loge Test oe eannee Gad Graiinded Tip tor Soldering 
are oes « pata oes « ~ & Traraustoe enpactance Stalic-Sensitve Devices. 
Cortrury Tet jared mea turement 
Mostal M 2760H e Eagily Replaceable, Uses 
Sapal Capps « Acritia Com rus . 
$19.95 Purdon ae es Lomg-Lite, Plated Carical Tip. 
{7 hich) "11204 Dwley 


Discounts ¥ = * Heavy Steel, Non-Slip Base. 


. «fron elder Funnai - 
Available \ ; Reversibia, latt o¢ right sida. 


« Staal Tray lor Sponga Pad. 
« Sponge Pad. 


10 Function 1.3GHz Unlversal Counter 
Elenco Mode! F-1300 


Elenco Handheld 
Universal Counter 
1MHz - 2.8GHz 


Elenco Quad Power Supply 
Model XP-5a1 


LR esi accede etes tl US Ordering Information: 


« Frequency G5H2-13GHz 2 Ranges 


ae *229.° 


Model F-2800 Ss alia Model SL-5 - No iron. s 95 
* Totshiza - Counts 1a 199,999,999 ‘im, $85 (Kit SL-SK) 29. 
+ APM - 3a 20999 APM a. “oe 
o Duty Cycia S i 
« Max MavAVG wih Time 40C Vohages Jfizea 15V.0 34 +1zva14 | Mode! SL-540 - Includes 40W UL iron. S 95 
+ Slop-watcn set 2 eee. fo 100 hrs. Franable, 2S - 20¥ @ 2A = Finy Requated I (Kit SL-SK-40) 35 
« Math Funchons & Son Pretecied = Voltoga & Cunant Meiers « > 
= Timer - 2 see. In 99 days Sensltlvity: Ai Metal Casa 


® Puiso Wicth - 0 Imms to C0686 Gms 


<1 Sm¥ @ 100MHz 
«em & 250MH2 
*<S5m¥ @ 1GHz 
e<i00mY¥ & 2 4GHz 


Elenco Power Supply 
Mode! XP-603 


Umlted Time Offer: FREE SP-1A Safdar Practice Kit w/ Kit Ordert 
Weller WLC-100 - Variabla Power Control 5 - 40 watts $34.95 


Elenco Model SL-30 
G $84.55 « Tip lemperalurea changéabla from 300 F (150°C) 


10 900F (480°C). 
, a «Temperatura is maintained vwathin +10°F of as 


Elenco 3MHz Sweep Function Generator 
with built-in GOMHz Frequency Counter 
Model GF-8046 ow 


$195.9 fren 


di 
la a 


ay «35 


*O-30VDC 0 24 Outpt 

«44 Fused Cunent Protechon 

© Current Limiting Short Pratocton 

«0 0250 Output Impedance 

Elenco 10Hz - 1MHz 

Digltal Audio Genaratoar 
Model SG-9300 


Features 10 dod dispiny, 16 segment and 
AF sgnal strength bargrazn. 

Indudes antenna, NCad battery, and AC 
adipter. 


C-2800 Case wi Belt Clip... ssscce $14.95 


<> preset lamperaiure. 
- * The tip is isolaled from tha AC bne by a 24V 


. ba = transiormer. 
D> i « The tp fs grounded 10 aliminats stanc charges. 
“~ 


~ SL-10 - Same as St-30 wo gta! Gxptsry $59.95 


Ther mesep function generator wih coumi¢r s an instrumerd canabie ci 
genersiy equarn, Thang, Atul tine wovetorma, and TTL. CMOS pura over a 
frequescy range from O SR: to IMbi  GF-8224 - Wes Counties $1 39.95 


20MHz Sweep / Function Generator 
with Frequency Counter Model 4040 


Elenco AF Generator 
with Counter (100kHr - 150MHz) 
Model SG-9500 


— Weller Model WICPT 
«Q.2Hr lo 20MHz _———— — = —= Contrailad Output Soldaring Station 
«AM & FM Modulation = sae oa $995 «Transiormer powered soldering station $ 
* Burs! Operation 6 -f complaio wimacto atyia. low vollaga. 1 25 
« Externa Frequency Counter et ee lamperdiue conualed soidanng Iron. 


to 3OMHz 
« Linear anc Log Sweep 


+ PT Serles soldering ups come in a variety of 
shapes and svar in throo standard lomperatura 
ranges: 600 F_ 700-F, & 800’ F. 

#024 outpul - 60 wats 


« Special “closed loop” methed af controling . = 
maumum hp lemperatura. — 


Features migmal AM mod. of 1kHz, AF 
outpu 1OOMV - ASM Aucio curput tkHz @ 
1¥ AMS. 

SG-9000 (analog. wo counter) $124 


Features buill-in 150MH2 froquancy 
counter, low distarian and sind/square 
waves. 

$G-9200 (wia countor) $124 


10MHr Model 4017 
SMHz Modal 4011 
3MHz Model 4003 


Elenco Oscilloscopes 


Free Dust Cover and 2 Probes 


| Electronic Science Lab 


Maxitronix 500-In-1 Electronic Project Lab Mode! MX-909 


Everything you need to bulld 500 axciting electronic projecta: 

« Leam tho basics of electronics and pul your mowladge to work creatng 500 aflecurd 
alocirome expenments, special ightng effects. mca Tansrites and recarears, arrapng 
dlectronic sound aftects. anol games and AfORE! 


« Includes bralt-cn breadboard tor easy wing and 
fonmaction al components, and an LCD fluquid 
Cryatal Dispizy) Indicatas tha intormatian during tha 
eapenmants in process. 


Madel AR-2NEK 


2 Meter / & Matar 
Amateur Aadio Ka 


534.75 


Model AK-700 
mm) Pulse/Tona 
* Telephone Kit 


/ Flashing Neon Laghts 
= / Great School Project 


a $45.95 


Modal AM-780K 
Twa IC Radio Kil 


Model XK-150 
Oigital # Analog Trainar 


Model AK-870 
Radio Control Car Kit 


«Bud your thowladga by axplanng amplifier, H 
analog and digital circuits plus now to read | 
schemahe diagrams. 


«“ineludes transisions, ‘ransiormers, chodaa, 
fasisiaga, capaciars, pholatansisters, CDa 
inlegried crcuts, speaker, aarphonea, 


= £36-9ln Ereecthourd 
«§ Dats Switches 
«8 LED Bufizred Raadcuts 


$1325 24UH2 Bua Trace $325 5-135 sour Oeuryed Sewep $5E9 


§-1390 25éHz Deira Seoep $439 S-19 60 come Oeined Seeen $725 + Buildin Function Generator Model M-1005K Model MX-901 LEDs, and LED cigt cosptay! 
$-1340 sonny Dus! Trace SA75 S190 10ces Geuyod Sete $895 see a Cue Comet : DMM Kit Electronic Crystal Radio || * Fact-fted, lustratad, lab-stye 


« Variable Power Supply mara! included. 


o125¥ 0 IS¥VDC G@ 254 


" Trarsastor Text 
FT | + Deda Test 


DIGITAL SCOPE SUPER SPECIALS 


” Y \ % 56,55 « Requros 6 ‘AA baftienca 


+1 25¥ ta -1SVDC @ 254 i = Overtoad Proracacn 
OS-203 2OMHz/10Ms/a AnalogiDigital on nenn centre S695 1250 ee| «Onto Pro ol (oot nciuxtedt. 
OS-303  40MH2/20Mws Analog Digital _............. rere nat 233 $850 SQVAC cantal-expped at * Solderteas! 

‘ a 5 95 * No Baterioa Ra 
OS-603 GOMH2/20Ms/s Analog/Dngital oo... .ccceeneseseeeeeee ee BOSD 15WAL @ 25A . a 


Guaranteed Lowest Prices C&S §S ALES, ING. 15 DAY MONEY BACK GUARANTEE 


UPS SHIPPING 48 STATES 5% 150 W. CARPENTER AVENUE 2 YEAR FACTORY WARRANTY 
OTHERS CALL FOR DETAILS WHEELING, IL 60090 


IL Residanis add 8.25% Sales Tax FAX. (847) 541-9904 (847) 541-0710 
SEE US ON THE WEB —- em =. cS-Sales.com 
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y favorite BASIC Stamp peripheral is the character 

LCD. | love them. | have a truckload on my desk and 

| use them all the time. | have 2x16, 2x20, 4x20; | 
have just about every flavor of Scott Edwards serial LCDs. I'll say it 
again: | love them. 


LCD REDUX 


LCDs are good because they’re inexpensive (downright cheap 
in some cases), easy to connect to the Stamp, and allow us to pro- 
side a lot of information to the outside world. Naturally, 1 was 
thrilled when { learmed that the BS2p would have direct support for 
paralle] LCDs and that the commands would work very much like 
SEROUT and SERIN — allowing me to use the formatting modifiers. 
Does it get any better than this? 


plications 


TOOL TIME 


Im pretty darned 
sure that if comedian 
Tim Allen knew any- 
thing about microcon- 
trollers, he'd be a 
BASIC Stamp user. Of 
course, he'd rewire it 
for 220 volts and over- 
ciock the PIC/SX to run 
at 10 GigaHertz so he 
could point at it proud- 
ly and grunt like a pig. 
(hats how | show off 
my Stamp projects, 
dont you?) 
Tim and his famous 
TV alter-ego both love 
tools — but then, don't 
we ali? Tools are good. 
They help us build and 
create things. Theyre 
even better when 
theyre free. And that's 
what we're going to 
“chat about this month: 
a couple of freebie 
tools from Paraliax. 
One is new. the other 
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For LCD lovers like me — it just 
has. About the only thing tedious 
when using character LCDs is 
designing custom characters and 
adding the data to a PBASIC pro- 
gram. Until recently, | would do 
like you and create my characters 
on paper. Ugh! Too tedious. 

Enter the LCD Character 
Creator. This nifty little program 
(okay, I wrote it, but { still think it's 
nifty) lets you design and save cus- 
tom LCD characters and save the 
definitions to use later. It supports 
5x7 and 5x10 character designs 
and even incdudes the standard 
character set (from the Hitachi 
HD44780A00 ROM} so you have 
a starting point. The on-screen pre- 
view graphic lets you see what 
your custom character will look 
like in a display next to other char- 
acters. 

Essentially, this is a little paint 
program for LCD characters. Left- 
dicking on a pixel will toggle it on 
or off. There's also clear, fill, invert, 
mirror, and flip commands. To 
make it easy to incorporate the 
new character into a PBASIC pro- 
gram, there's a text line at the bot- 
tom of the screen that can he 
copied right into your PBASIC 
source {this cool idea comes from 
Stamp user Steven Mj. 

While the program is very 
Gasy 10 use, it comes wilh online 
help (Windows HTML Help for- 
mat} that explains all the menu 
items, includes a connection 
schematic (Figure 2 is right out of 
the help file), and demo programs 
for the BS2, BS2e, BS2sx, and 
BS2p. tll even point your browser 


to the Parallax web site. 


Cool Digits 

While playing one day, | got the idea that | would create a cus- 
tom set of digits for my LCD projects; you know, something that 
looked a little more sci-fi or computerlike. Creating the digits was 
no problem with my new program. But then — cops —1 have 10 dig- 
its and only eight custom characters in an LCD. 

After scratching my head for a few minutes | remembered a 
trick that Scott Edwards taught me. If you change the definition of a 
custom character that is being displayed, the LCD will change along 
with it. So for this project, | changed my thinking from eight custom 
characters to eight spots on the LCD that | could update at any time. 


| Fie Edt Heb 
OS AISRSTOBUWIE S 


= Font 
& By 7Ford (tended) 8 charactere] 
© §x10Font (4 characters] 


| 
ey eo I * Normally used as the cursor Ine. 
[enero DATA $09,40A,$0A,$1F,$13,$13,51F, $00 


LCB 
CHARACTER CREATOR 


— 3_ 


att | have to do is download new information to my 


(se position. 


Okay, let's do it. Take a look at Listing 1. This is a simple program — short 
and sweet. Its purpose is to display a running counter with my cool new dig- 
its. I'll use a Word variable to count from 0 to 999 and display it as 0.0 to 
99.9 by inserting a decimal point between digits. 

The EEPROM Data section contains the definitions for the new charac- 
ters that were created with the LCD Character Creator program (you can 


download the files with the source 
code for this article). One note: The 

LCD Character Creator always 
names the data line "Char." After 
pasting cach line into the source file, 
it was renamed. The name is used as 
a pointer to the start of the charac- 
ter. We need to know the location 
of each character in the EEPROM so 
we can download it when needed 
to the LCD. 

The LCD is initialized to operate 
in two-line mode. | used a 2x16 dis- 
play for my experiment. | mention 
the width because it affects the 
placement of the rightjustified num- 
bers. Since we want to display three 
digits, we'll use custom character 
slots zero, one, and two. Custom 
character zero will display tenths, 
digit one will display anes, and digit 
two will display tens. Initialization is 
finished by downloading “new" 
Zeros to digits zero and one, and a 
space to digit two. 

Jump down to the Update_CC. 
This is the code that takes care of 
downloading an image map to the 
LCD. When we enter this routine, 
we pass the custom character to 
update in cNum and the beginning 
EEPROM address of our new char- 
acter data in addr. 

Since we've initialized the LCD 
to use two lines, we're forced to use 
the (standard) 5x7 character font 
which means eight bytes per char- 
acter {the value of the CLines con- 
stant). The first line of Update_CC 
uses LCDCMD to point into the 
LCD's CGRAM (Character 
Generator RAM) based on the char- 
acter we want to update and the 
number of bytes required for a defi- 
nition. A FOR-NEXT loop grabs the 
new character from EEPROM with 
READ, then sends it to the LCD with 
LCDOUT. Simple and fast — which 
is exactly what we need since we're 
going to change characters on the 
fly. 

: Back in the main body of the 
program, we spit out a label and put 
our characters onscreen where we 

want them. Remember that digit 
zero is tenths, so it will be right-most 
in the display. 

The routine called 
Show_Counter is the heart of the 
progrim, The outer loop counts 
from zero to 999, The inner loop 
scans the value of counter using the 
DIG operator. This conveniently 
returns the cllgit value of the posi- 
ton scanned, It's a simple matter of 
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using this value to point into our table of definitions for the map of 
that digit. 

The only exception is when the tens digit is zero — we'd rather have a 
leading space than a leading zero. The code checks to see if the scanned 
digit is the tens position (character two) and its value is zero. When this is 
the case we download a custom space (all zeros). It's easier to redefine a 
custom space than to use the standard ASCII space character (#32). If we 
did this, we'd actually have more code to write. Eight bytes of EE space for 
a definition is an easy trade. 

So that's it. When the program is run, we'll see a counter with cool, high- 


GET THE CATALOG TODAY! /°= 
Over 100 NEW products! + 
www.ramseykits.com 


ELECTRONIC PROTOTYPING SOFTWARE 


* Synthesized 88 10 108...n0 ditt | Priced for the hobbytst! 

+ Built In moer - 2 line inputs and one ‘You cin create and test AC and DC draults 
microphone input! minutes afer installing this package on your 

= High power module available for export use PC. Start from scrateh, or from the included 
+ Low pass filter for groat audio = library of pre-designed circuits. Drag and drop 

placement from a complete list af active and 

Passive components. Test using a complete list 

of virtual Instruments, Oscilloscope. voltmeter, 

ohmmeler, ammeter, and watt meter. 
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SYNTHESIZED FM STEREO RADIO STATION 


arn ros | 


Our FM100 is user all over the world by serious hobbyists as well as churches, 
drive In theaters, and schools. The kit includes metal case, whip antenna and 


bull-in 110 volt AC power supply. 
FM100 ‘ Super-Pro FM Stereo Radio Station Kit eee 


FM100WT 1 Watt, Wired Export Version 


SYNTHESIZED FM STEREO TRANSMITTER 


Professional quality rock stable synthesized transmit- 
ter. Dip switch seltable for any frequency between 
88-108 MHz. Strappable for high power output for 
export applications. Our most popular kit. Start 


your own radio slation today with the FM25! 
FM25 Synthesized FM Stereo Transmitter Kit $129.95 


FM STEREO TRANSMITTER 


—- 
PLAB4 Electronic Prototype Software, Win95/98 $49.95 


ANALOG-DIGITAL PORTABLE LAB STATION 


‘The COMPLETE analog-digital tab station in one. 

Includes function generator, dock output. power sup- 

BS level swilches, pulsers, pots, LEDs and a TARGE 
readboarding area all In one! Includes a cuslom 


molded case as shown. Used through the world ai 
untversilles, technical schools, and R&D fabs, 
Available In “Leam as you Build” kit form or factory 
assembled and tested. A gyeal buy either way! 
Sad 


ML200 


Lab Station, Kit $155.95 
ML200WT Lab Station, Factory Assembled & Tested $225.95 


CABLE WIZARD CABLE TRACER 


Did you ever have fo identify the “other end of that 
cable"? No more “chming It out” with the Cable 
Ward. Simply connect the wizard transmitter lo. 
one end af the cable and use the receiver to sniff 
out the eee ence as thal! The 
tansmitier sends a 2 Ki down 
the ele which & Won eae is dase 
to the cable. Works with any cable including coz, 
telephone pairs. ethernet and more. Equipped 
with an RIES for al talen connections and ep 
leads for single wire connectrons. 

WCT20 —- Wireless Cable Tracer Kit $39.95 
cwcT Matching Case Set for Transmitter & Recetver $29.95 
WCT20WT Factory Assembled & Tested WCT20 $99.95 


SPEEDY PERSONAL SPEED RADAR GUN 


This low cost microwave radar uses the same prin- 
ple found in police units casting thousands more. 
This has been the number one Science Fair project 
for years. Direct digital readout In milesfhour, boko- 
meiters/hour, or feet/second. An earphone jack 
allows you to actually hear the 

Se eran (Our deiaied manus! not 


paid ces through constuction, but covers. 
the haw’s and why's af speed the Learn wile you buld, Uses two 13 
az coffee cans for the antenna (not inch 


and runs an 12 VDC. 
SG? Speedy Personal Speed Radar Kit $99.95 
AC125 12VDC Power Supply $9.95 


AND...OUR FAMOUS MINI-KITS 


These are easy to build kits that can be used either stand 
©] alone or as building blocks for more complex projects. 
Sp | TS4 = Tickle-Stick Shocker $9.95 
GBN9 = Super Snoop Amplifier Kit $8.95 
LED Blinky Kit $3.95 


tout Geeal entry level FM broadcast kit. Thousands in use. Handy 

x po for sending music through house and yard, ideal for schoo! 
projects too - you'll be amazed at the exceptional audio qual- 
ty! Runs on 9V battery o¢ 5 fo 15 VDC. Add matching case 
and whip antenna set lor great pro look. 

FM10A Tunable FM Stereo Transmitter Kit $34.95 

CFM Matching Case and Antenna Set $14.95 

FMAC 12¥ DC wall Plug Adapter $9.95 


RF WIRELESS LINK MODULES 


* SAW Resonators for high stabilty - NO Drift! 
es + Powerful +10 dom output 
ee Range up to 600° 
—— +433 MHz license-iree band 


+ Sensitive superhet receiver with RF LNA 
* Stable over full 3-12 VDC range 

* Optional on-baard 12 bit encoder/decoder 

using Haltek H112 series chips, Quarter nol included! 
RXD433 ea MHz Receiver/Decoder Mod., Assembled $26.95 
TXE433 433 MHz Transmitter/Encoder Mad., Assembled $24.95 
RX433 439 MH? Data Receiver Mad., Assembled $21.95 
1X433 433 MHz Data Transmitter Mad., Assembled $19.95 


THE CUBES! MINIATURE VIDEO TRANSMITTERS 


Wireless crystal clear reception, yet smaller than a 
quarter! Transmuts color or BSW with fantastic 
quality almost like a hard wine connecilon to any TY 
or VCR tuned to cable channel §9. Crystal con- 
tralled for no frequency deift wih performance that 
equals law enforcement models that cost hundreds 
more! Basic 20mW unit goes up to 300° while the 
high power version can virtually double that range! Fully assembled and test- 
ed, and ready lo go. Powered by a standard SV baltery. Name thal Quarter! 
€2000 = Video Cube, Factory Assembled & Tested 89.95 
2001 High Power Version, Assembled & Tested $129.98 - 


INFRA-RED VIDEO CAMERA ILLUMINATOR 


= ~ Lets video cameras “see in the dark” Imvisible light source Io 8L1 

- us, but lots of light to CCD BSW c s! illuminates the area ited pt TD1 Tone Encoder/Decoder Kit $6.95 

2 nine just like Iight, yet cannot be seen. Draws 180mA at 12 VDC. ' - "| 117 Touch Tone Decoder Kit $29.95 
W 


OVAC ir adapter available. CPO3 Cod ctice Oscillator Kit 9.95 
1R1 Infra-Red Camera Illuminator Kit $24.95 Se UTS foneen teeana a o2 


AC12S —-12VDC Power Supply $9.95 = 


IZ 
RAMSE 


ELECTRONICS, INC. 


se 


793 Canning Parkwa ne) 
Victor, NY T4564" = 


Order Today! 800-446-2295 


716-924-4560 www.ramseykits.com 


sales@ramseykits.com 
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Basic Stamp Users ! 


Tiogeee Picrecres in BASIC from Window ! 
(eS emt to me Bane Corpse Ful Base 
Sere = Cormabitty ' Searing at $99.95 


Wedows DE 
| 
) 


STAMP APPLICATIONS — TOOL TIME 


there's a syntax help file. If you're having trouble with a key- 
word, highlight it and then press F1. Presto — you're in the 
help file and on the correct page. If you've misspelled the 
word, you're taken to an index page where you'll find the 
correct spelling (PULSOUT is very frequently misspelled 
PUSLEOUT). So the fixes and minor updates are nice, but 
let's talk about the really cool stuff ... 

One of the longest running complaints about the BS2 
compiler is the lack of BSAVE. For those of you who never 
programmed the BS1, BSAVE caused the compiler to gen- 
Ta: progam wel dowrioad res frrmare to the erate an object file that was an image map of the Stamp 
BASIC Stamp module t:ted above. EEPROM. This file could be downloaded to the Stamp 
through a small utility. What this allowed was the ability to 
update a Stamp 1 project without divulging source cade. 

The new Stamp compiler generates object code for 
any of the BS2 modules and it goes way beyond what the 
origina! BSAVE did. Figure 4 shows the dialog that results in 
clicking File > Generate Object Code. You'll see that there 
are three selections: Object Code, Object Code and 
Stamp Loader, and Single Executable. 

The Object Code selection does just that, but the BS2 
object file format goes beyond a simple EEPROM map. It 


Generate Obyect Code 


United Code Se 
Cc Ne More 55090 Maduies 
CC.LoD Rscu, PAu 
Em: Acca AD, UARTS 
“Piny 2 email up front fee end seve on [ong tem cost 


| 19:08 per Goncre vi $50.00 per stamp? 


Gatting Started Kits 
| Peepers PCrecros has never been anassr ! 
) ie come eh en fing bo pet started | Tent coca 
- SS ey & retry 
calres around ‘Starkey of $150.95 


1] Make sure the BASIC Stamp mockie 
prapery 


We uta several im cost. hah end develcomert 
fem Lhcrscts a P Cerne ' Ved cur watese 
Cy ter Sota at ewe Senos 


| (DER ogee — 
| on Scores SX - QC - Amat also contains string information that is displayed in the 
Seomtsite | Opts DF aterm tech looking digits (Figure 3). Stamp Loader. By selecting Custom in the Names & Messages area, we're 
Seer ay Extending this idea, you could able to customize the data displayed in the Stamp Loader. 
| — sith a bit of creativity — use it to The second selection, Object Code and Stamp Loader, is what you'll 
| eee = | build larger graphics. On a 2x16 want to do the first time you run this process so that StampLoader.EXE is cre. 
| Dye Progra (SPL | display, you could assign four char- ated. This program will load any BS2 object file and download it to a con- 
(eae mney hema | acters to a 2x2 region. By down- nected Stamp. By doing this, you can send StampLoader.EXE and several 
loading all four characters at once, object files (perhaps variants on the same program) to a customer. 
you change the entire region, giv- StampLoader lets you select an abject file and then downloads it at your 
| ing you quasi-graphic capabilities. command. 
It's certainly not as nice as one of The final selection — Single Executable — is really exciting. By making 
| the SEETRON graphical LCDs {you this selection, we can generate a small Windows program that will update a 
have character and line breaks), customer's Stamp-based project — and all the customer has to do is connect 
but it might get you by in a pinch. the project to a PC with a serial cable and run the program. This is a real 
| winner for consultants. The look a sh ep ar is a by our set- 
. a | lated tings in the Generate Object Code dialog (at the time of this writing | was 
Mobile Robotics j ial a seeing with a Beta a of the sola — the final release will frelude 


edi tiaddl wide’ for reacarchi i even more customization). 


<2) OP (addr > 0) THE Digtcor 
fpace ' Leading space at < 10 


| The latest release of the BASIC The other major improvement to the Stamp editor is completely under 
Stamp compiler is version 1.2. On the hood — you can't see it. The new compiler has a command-line interface 
the surface, this is (eae (Casto ORR ASE] , oa 
a maintenance wis Ee Sew fom Qoeret Piet foo: Wedow Hen 
telease, but under | 52> Jas a Bx oe 
the bod — there's conti | Cred 
a couple of really -— 
neat new features. - Wop cham +0702 + dnacielaze cust chars 
1 The fixes 3 Loney ebay Uh agio Dig:0,Digsye | Zadae 
2 | include the | 2m8 one eh 
Mobile Robots DEBUG window | 3, 
Micro Controllers problem that has [74 texte Pir essa ehae Sea aden rs cece clase ah ceates cedcee peels 
Se Pre been irritating 
Artificial Intelligence WinNT users. 1 sb eee as Levour Lttpin, CietLep, ("cosTen PICITI"Y * setup display 
Sonar Units ee fhe oe Toi {OL LCDI Lebpin, Line? + 12,[2,1,7.,0) 
: appy to read that. : : . 
Optics es Beem also core We, Hci eRe * count an tenth: 0 - 93.9 
1 loes a better job ab ie Tor clua = 0 10 2 
Vision Systems Biiceatiaiea uke i u ceantee DIG etua \ get a digne 


attached Stamp 


| and will even sug. [o: eo eaaeetthines ‘ caleutate nop for tis digit 
| gest the proper ul Goch Updaca_ce + domlesd te Lh 

f : ius usr 
| $Stamp directive. ) VAUZE 309 


| SStamp directive 
now and a new 
menu and toulbar 


You can't down [= i wear — 
load without a Pesree ae eanesia Figure 


icons make it easy . DSz2p\Cuetum Pigite 2h STAIWI«Tokeniae Successful 
lo insert and WASIC Cramp Pp24 VEPILUMA=VA Z LUGPUACH@ fen ECHO<Yas 
i. , J 1 
Zagros Kobotec 
Ua Pha RT For those of wee “ sanplaaas th yee edaiseds 


Towmme MC0 9146-7242 

PPPS ILS Pee 1ST 5568 
beep Wwe sagroeroteds: 
who dzagromobotic s com 


you that don't hike 
leaking for help in Fre 
another document [DilvGess Gently 
or in oa hook, [eee 


com 


| 
| 
| 
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STAMP APPLICATIONS — TOOL TIME 


that allows it to be controlled by other pragrams, What does this mean? For 
starters, it means that if your favorite programming editor can launch a pro- 
gram with command line parameters, you can now use it to do Stamp devel- 
opment. You're no longer forced to write your Stamp code in the Stamp edi- 
tor (but you do need to have the editor installed). 

My favorite programming editor is EditPlus 2 (www.editplus.com). It's a 
$30.00 shareware program and consistently gets rave reviews. | like it 
because it has user-definable syntax highlighting and it does a great job with 
HTML files with its built-in browser. And since it was designed for program- 
mers, EditPlus can launch other executables with command line parameters. 
It can even do keyword look-ups in your executable's help file. 

Take a look at Figure 5. This is a screen shot of EditPlus after compiling 
and downloading the LCD program we just wrote. On the left edge is a file 
selection box, the main pane displays our syntax-highlighted source code, 
ae the bottom pane shows the {successful} output from the Stamp com- 
piler. 

My purpose here is not to teach you EditPlus, but to show how to con- 
nect your favorite programming editor to the Stamp compiler. It's important 
that the command line switches are correct. For EditPlus, | used this argu- 
ment string: 


/download /noprompts "$(FilePath)" 


The first 
switch causes 
the PBASIC 
source file to be 
compiled and 
downloaded. If 
this process is 
not successful, 
you'll be alerted 
with an appro- 
priate message. 
The second 


[Picterences 


IC Pap atan\-t9wie-e = j 
downland egromd: SMP aT a 


switch turns off panes) a 
normal message FB copys ope Dues Famer i 

boxes — except r T Fame toring ete 
DEBUG. | like 

this feature 3 

since | can still acon Oey 7 
tun programs 


that use DEBUG output from EditPlus. Of course, | can't switch between 
multiple DEBUG windows, but that's never been an issue for me, so 'm not 
concerned. 


ig li 


- Custom Digirs.BSP 
-. Advanced LCD Demo - custem numeric font{s] 
-. Jon Williams 

« jonwms@aol.com 


This program demonstrates character definition replacement in order to 
create a custom font for numbers. This program uses three of the eight 
custem {CGRAM) character slots to display the tens, ones and tenths value 
of a counter. 


‘ 

’ 

’ 

‘ The program analyzes the counter and updates the screen by downloading 
' the appropriate character map for each digit. 

’ 

’ 

' 


To run this program on the BS2p Demo Board, connect the LCD and 

install Jumper X3. Adjust contrast pot for best display. 

Refer to the Hitachi HD44780 documentation for details on LCD control. 
(ween [ Revision History )--------~---—~ --------- 20 en ne ee nnn nnn 
P ees { 1/0 Definitions ]~----—----------------------------------____--- 
LCDpin CON it) * connect LCD to OutL 
. ( Constants: J———— a - =o  nnennnn nnn nn een nse cesaancaaa—— 
' 

NoCmd CON $00 * Ho command in LCDOUT 

Circo CON $01 ’ clear the LCD 

Crsrkm CON $02 ’ move cursor to home position 
CrsrLf CON $10 ‘ move cursor left 

CrsrRt CON $14 ‘ move cursor right 

DispLf CON $18 * shift displayed chars left 
DispRt CON sic * shift displayed chars right 
DDRam CON $80 * Display Data RAM control 
CGRam con $40 ’ Custom character RAM 

Linel CON $80 * DDRAM address of line 1 
Line2 CON $co * DDRAM address of line 2 
CcLines cou 8 * lines per character 

Space cON 10 

4 merce [ Varlableg |-----n-- nnn n nn nn nnn naan nnn nn re nn nnn nnn nnn meena nen 
' 

char VAR Byte * character sent to LCD 

addr VAR Byte * ER starting address of map 
enum VAR Nib * character number 

Tidy VAR Nib * loop counter 

countur VAR Word 


a [ EEPROM Data ]--------------~-~-------------—------------- — 


character definitions - digits 0 - 9 and space 


Dig_O DATA $1f, $11, $11, $19, $19,$19,$1F,$00 
Dig 1 DATA $04,504, $04, SOC, S0C,$0c,$0C,$00 
Dig 2 DATA $1F, $01, $01, $1F,$18,$18,$1F, $00 
Dig 3 DATA S1E, $02, $02, 51F, $03,$03,$51F,S00 
Dig 4 DATA $18, 518,$18,$19,$1F,$01,501,$00 F 
Dig 5 DATA $1F, $18,518, $1F,$01,$01,51F,$00 | 
Dig 6 DATA $18, $10,$10,51F,$19,$19,$1F,$00 | 
Dig 7 DATA S1F, $11,501, $03, $03,$03,$03,$00 ! 
Dig 8 DATA SOE, SOA, SOA, $1F, $13,$13,$1F,$00 | 
Dig 9 DATA $1F,$11,$11, S1F, $03,$03,$03,$00 
Dig_Spe DATA $00, $00, $00, $00,$00,$00,$00,$00 
o5eas= [ Initialization lene nnnnsaiee 
Initialize: 

PAUSE 500 ‘ let the LCD settle 

LCDCMD LCDpin, 300110000 : PAUSE 5 * @-bit mode 

LCDCMD LCDpin, 200110000 : PAUSE 0 

LCDCMD LeDpin,%00110000 : PAUSE 0 

LCDCMD LCDpin, 300100000 : PAUSE 0 * 4-bit mode 

LCDG@MD LCDpin, 400101000 : PAUSE 0 * 2-line mode 

LCDGMD LODoin, 400001100 +: PAUSE 0 * no ersr, no blink 

’ 


LCDCMD LCDpin, 400000110 
shift 


ine ersr, no disp 


FOR cNum = 0 TO 2 : 
LOOKUP cNum, [Dig 0,Dig 0,Dig Spe] ,addr 
GOSUB Update CC 

NEXT ~ 


initialize cust chars 


Main: 
LCDOUT LCDpin, C1rLcD, ["CUSTOM DIGITS"] 
LCDOUT LCDpin, Line2 + 12,[2,1,".",0] 


* setup display 


Show Counter: 
FOR counter = 0 To 999 
FOR cNum = 0 TO 2 
addr = counter DIG cNum * get a digit 
IF {cNum < 2) OR (addr > 0) THEN DigitOK 
addr = Space * leading space if < 10 
DigitOkK: 
addr = addr * CLines 
GOSUB Update_cc 
NEXT 
PAUSE 100 i 
NEXT 


count in tenths 0 - 99.9 


* calculate map for this digit 
* download to LCD 


GOTO Main 
END 


Update CC: * update custem character 
LCDCMD LCDpin, (CGRam + (cum * CLines))’ point to start of character map 
FOR idx = 0 TO (CLines - 1) 
READ (addr + idx),char 
LODOUT LCDpin, NoOnd, [char] G 
NEXT 
RETURN 


* get data for character line 
write to LOD CGRAM 
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The "S(filePath)" parameter tells EditPlus to send the filename and com- If things don't proceed as you expect, you can open this file and find 


plete path to the Stamp compiler. The reason it's quoted is that | use long out why. 
filenames with spaces. Spaces in the filename will create a problem for the 


Well, that’s about all we have time for this month. For those of you inter- 


Stamp editor if you don't use the quotes. Better to be safe than sorry. ested in EditPlus, I've included the PBASIC syntax definition in this month's 


The Stamp compiler requires commandline controlled output to be 


project files. Be sure to check the Parallax web site for the availability of LCD 


directed to a standard output With EditPlus (and other editors), this output Character Creator and the new Stamp compiler. 


can be captured so no file was specified. If your favorite editor doesn't cap- 


ture this data, be sure to redirect the output to a text file. You can do that Couldn’t Get Back Issues? 


by adding this bit of text to vour argument string: 


> stampoutnt 


or E-MAIL For A 


FAST Shipping F 
re 
DISCOUNT © 96 Page 
Pricing CATALOG. 


Outside the 
US. 
Send $3.00 postage 


Varitronix 4 
MOLS16264-LV-S 


Powerts windshie!d 
wopar metar for 
2000-2001 Satum Lb 
seres a:toratres. 
Two speeds: hgh speed 
105 RPM at 12 Vdc, 
4 Arcs. Low speed Character size: 0.16" x 0.1" 
41 RPM af 12 Vide, 0.91 Amps. 3B" threaded § x & dot format. Blue digils on light bua (naar 
socer opets on bacisde. Ideal for sciar- ove shat wt mut A2.25" lever with a umiver- | while) background, Includes hook-up sheet. 
Dewered batiny charges avd cher proects. | sa! pnt, attached to the shall. ts easily = 75 CAT# LCD-64 25 
CAT # SPL-60 50 abla, 7 avera! lengh x 35° 24° 528 
$320, |exreocurn 819%, SDesen 


P Enclosed Suppl 
[ 30 Watt Stereo Amplifier j Multimedia Headset 47 Watt PPIY 
) Asiec # APS4-115/230-C-714A 
: w/ Boom Mike Input: 85 — 264 Vac ia, 


Lebtes ¢ LVA-£529 | Outputs: 5V @ dAmp, fees 
Deegrad for PC eteractve / \ 


audo appcatons, Passed 


12V G 2A, -5V G 
0.7A. Compact 
enclosed supply 
with or-ofl syatch. 
6.5" x 3.2" x 1.45", 
‘LE leads for output. Requiras |EC-type power 
cord (nol included). Thesa units Removed 


5 a from new equipmant In good 
aie aie a a condtion. CAT # PS-540 3952, 


ae ie ete 2 

Perse ampitie CAT # PHN-23 S = 

you aorgvter, persona: CO gaye. 237% Special 12 Vdc 1 Amp 

Ty ce ites game, ary aus Gevce witha 

ine want aut Thseprcr ety corre || 640 X 480 LCD Panel Wail Transformer 

ees eral ae een penn with CCFT Backlight po ee a rae < ss 

Daye Ein booeed ora Sees | sy ary « LMESKI0I. Graphic 2] CAT # DCTX-1216 SS iI 
eaei nes le woh ontoerd fs SI 


Tracktsaldua voit ico sed: @ Control, 
LED power s 500 ro) 
é a tiack dots 
i 50 MAH Battery Pack 


piaet ino dae cee me 

Domed aude sturce Mew 
Sevan Sanyo AAA nickel fs 
cadmium esis ina single | fap 


| retat actlay pamageg 
row, Shank-wrapped ina ji 


Spankers not ecturied s25 “J. 
CAT# PBA-30 Cperates on 


5 Vae fieg: 
| Rechargeable Battery ] and 18 i 


(LCD). Buct-in i | r 77 e668 with internal ; ies ae 

pope Tales is ae ew CPT, baeeaght beg eae Te baa teens 4 9 my} 
} Replanes 9 Voll batanes nn mary tenet not agar eacty A you want to MEd 
ifeccit alenay A= tal"vsea90 wcuded). Display siza: 4.5°x 6" zaparate and use the batiorlos =) ie 
7.2 VoRa, Can be charged in most Hodse nize: §. £5" x 8" x 0.27" thick.” wdc Aunihy oF toentiguto into new ay 
Reckel-cadruum chargers. aN Indudes hock-up diagram. og pack, Ovetal tzu; 2.82" x 1.76" 20.43. 
CATs NMH-9 ssc CAT #LCD-61 s20 CAT# NCB-84 $300 

each ad A3¢ per cell 


ORDER TOLL FREE 1-800-826-5432 


Shop ON-LINE www.allelectronics.com 


saAIL. ORDERS TO: . 
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From time-to-time, !'ll get a question via email thal causes me to refer- 
ence a past issue of Nuts & Volts. Between Scott Edwards, Lon Glazner, and 


myself, we've written over 75 Stamp 
Applications articles. That's a lot of 
Stamp stuff. Unfortunately, back 
issues are not always available and 
occasionally left us scrambling to 
dig out old files. 

Not any more. Ken Gracey of 
Parallax worked with Nuts & Volts to 
compile Stamp Applications 
columns 1 through 75 into a two- 
volume book set. Between the two 
books, there are nearly 1,000 pages 
of BASIC Stamp programming tips 
and projects. All of the source code 
and related files are included on a 
CD. 

You can order the books from 
Nuts & Volts or Parallax. Better do it 
quick though — these babies will go 
fast. 


Resources: 
Jon Williams 
3718 Valley Mayerans, 23040 
2 


Irving! 
_ (972) 659-9690 


599 Menlo Dive, Suite 100 
Rockling GA. 95756 
(888) 512-1024 
www.parallaxine.com 


Until next time, Happy 
Stamping. NV 


eee 
Have You ttleard? 


$29.95 each 
or both for 
$49.95! 


All of the first 75 Stamp 
Applications columns have 
been published in a two-vol- 
ume book and are now avail- 
able through Parallax or the 
Nuts & Volts Bookstore. 


This is a limited printing, so 
don't wait! 
Ptvallable On the Web 
www.nutsvolts.com 
www. parallaxinc.com 
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Gravity, inertia, 


by Richard Panosh 


MEME cr from the p'cnet, the soucer-shoped earth cuiser approached Altair 
Feur at a velocity clase to the speed of light The two pitted moons of 
Ateir Four were visible as the cuiser spiraled toward the planet At an 
atude of neariy 80 miles cbove the planet, the navigational computer 
fF instructed the argft ta decelerate and prepare to plunge into the dense 
atmosthere of the planet. 

In the yeor 7200, biel be not as critical as it had been for earlier rocket- 
propetled space ships. Ecrly rocket ships had been restricted to a very narrow and 
frecise reentry cone, etherwise the shin wou'd either dip into the dense cumos- 
phere end bum up, er it would emer ot too sha‘ow of an angle and ricochet back 
Gut mito stew. ; 

In a fraction of a second, the spacecraft reduced its velocity for safe entry into 
the protective ctrrosphere ef the planet. Inside, the occupants were unaware of the 
chonge in ceceleration. On their forward moniter they saw half of the planet sur- 
face below slowly rotatcg in darkness and the other ha'f was softly i!uminated by 
G green sky that revec'ed the pink desert surface far below. 


mation and able to predict additional planets in 
our solar system. As late as 1930, the ninth planet 
of our solar system, Pluto, was discovered fram 
perturbations of Nepcune's orbit In 1969, Neil 
Armstrong became the first man to walk on the 
moon. His '... giant leap for mankind’ was preceded 
by a series of unmanned Lunar Orbiters. The job 
of the unmanned Lunar Orbiters were to plot 
gravitational anomalies at the moon's surface fram 
orbital perturbations. Computers could then 
locate these "Mascons” so that the manned 
orbitors that would eventually follow could be 
given a rocket boost of power to maintain a cor- 
rect orbic 

In (915, Albert Einstein (1879-1955) published 
his General Theory of Relativity concerning space, 
time, and gravity. Einstein's theory describes gravity 
not as a force, but as a property of curved space. 
Matter is visualized as producing a curve in the 
fabric of space much as a ball on a stretched rub- 
ber membrane will form a slight depression in the 
membrane. The depth of the depression is depend- 
ent upon the size or mass of the ball. 

You experience the effect of warped Space 
whenever you push your lawnmower adjacent to a depression in the lawn. 
The outer set of wheels travel a different distance than the inner wheels and 
the result is to curve the path of the mower. 

While Newtonian mechanics has been quite successful in describing 
gravitational phenomena, it failed to explain perturbations in the orbit of the 
planet closest co the Sun, Mercury. It was found that Newtonian mechanics 
was reasonably accurate in weak fields and at low velocities, but deficiencies 
beeame apparent when the gravitational field became larger. 

Einstein's theory successfully explained the perturbations in Mercury's 
orbit and also predicted the bending of light and the shift of light waves to 
the red/blue wavelength due to the effects of gravity. Newton's theory failed 
to predict these effects. In addition, Einstein's theary also predicted changes 
in the unit of length and the unit of time at high velocities and added the 
phenomenon of gravitational waves. The first two have been verified to a 
remarkable degree by experiments and the effect of gravitational waves is 
implied by astronomical observation. 

‘Two experiments are currently underway 


The anser epproached the surface 
ina leng sloping wsjectery, woss:ng over | 
smacth desert pens punduated wthan | 
eccasicnal deep canysa and m some | 


Aboard the au.cer, sensitive instruments | 
were ccuvely prcbieg the planet with the 
fill crray cf itrece-re sprecdcpecrum 
ereciromegnebe waves and a'so passive 
Cetecars were actively recording every 
mnute deta. 

Once sentient [+e forms were detact- 
ed. the revigczcra! computer ummed.czely made a course correction and the cruis- 
er veered off ct a sharp right angie end began to fitter down to the surface of 
the planet hie a leaf in a soft summer breeze. 


Is this science fiction or the future magic of techne!ogy? In this cace, it's 
the opening scene ef the 1956 science fiction movie "Forbidden Planet,” but 
science ficuon has a way of becoming reality. Perhaps it is the very nature of 
Ulese dreams that are indeed projected into reality, because the dream must 
precede the development. 

Todzy we accept aireraft that travel faster than the speed of sound, ver- 
teal take-off aireraft, sate!lites, space exploratica, electronic communications, 
and the ever-shrinking integrated circuits that make it all possible. Not too 
lang ago. none of these things existed. 

The study of phys:cs is an accumulation of man’s knowledge dating 
before Anstole (384-322 BC). Galileo Galilei (1554-1642) was the first to 
develop the relationship of mass and acceleration by experimenting with 
balls that he rolled down inclined planes. Sir Isaac Newton (1642-1727) and 
Many others taw that these ideas could be applied ta the moon and planets. 
{n 1666 on a tmp to the country, Newton discovered the force of gravity 
echile watching an apple fall from a tree. He realized that this force orches- 
trated the heavenly bodies in their orbits. He described gravity as a force 
that acted through a distance, such that the magnitude of the force is pro- 
portional to the inverse square of the distance. This i similar to the force 
developed between charged particles. 

Newtonian mechani¢s was applied to the abservation of planetary 
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Far from the planet, the saucer- 
Ros umeunded by wared mowni=. — shabed earth cruiser approached 
Altair Four at a velocity close to 
the speed of light. 


to improve the sensitivity of gravitation wave 
detectors. The US effort is called LIGO {Laser 
Interferometer Gravitational-Wave 
Observatory) and consist of two sites for 
coincidence experiments. 

Each site has already been constructed to 
house a 4 km long interferometer at Hanford, 
WA and the second is located 3,000 km away 
in Livingston, VA. The first sensitive searches of 
these instruments are due to begin in 2002. 
Another experimental set-up is the European 
instrument known as VIRGO. Einstein's theary predicts only two modes of 
polarization for the waves and the propagation velocity should be equal to 
that of light in the same regian of space. 

The strong field gravitational interaction was further tested in 1974 with 
the discavery of the binary pulsar PSR 1913+16 (a pair of very dense 
Neutron stars). Since then, other binary pulsars have furnished tests of the 
theory. Just as Newtonian mechanics began to break down at moderate 
gravitational field strength, so Einstein's theory has been pressed for flaws at 
ever increasing field intensities. 

Astronomers have recognized five stellar configurations that exhibit rel- 
ativistic effects: white dwarfs, neutron stars, black holes, supermassive stars, 
and relativistic star clusters. While Einstein's theory has been the most can- 
sistent with observation, it does nat fully describe the situation. This coupled 
with the de:ire to unify gravity with quantum mechanics into a single grand 
unified theory of all forces requires the theary of Quantum Gravity. 

Anather theoretical approach that combines quantum mechanical con- 
cepts and classical electrodynamics, sometimes referred to as SED 
(Stochastic Elecero-Dynamics), has had a long history of yielding results con- 
sistent with QED (Quantum Electro-Dynamics). 

The basic theory couples Newtonian mechanics with James Maxwell's 
(1831-1879) electromagnetic equations. The classical boundary conditions 
for Maxwell's equations are altered co include a random radiation, referred 
to as the ZPF (Zero Point Field). This ZPF is basically the texture of space 
and often described as the bailing, seething quantum foam at the smallest 
scale of distances of about 1OE-33 cm (smaller than the diameter of an atem 
by 10E21) and is called Planck's length. 


SED is a useful tool that is both straightforward and intuitively clear. It 
has been used to explain the following effects: (1) the Casimir effect in 
which a force is developed between closely-spaced parallel plates due to the 
ZPF in a resonate cavity, (2) the Lamb shift in which small perturbations have 
been detected in the electron orbit of hydrogen caused by the ZPF, (3) the 
Van der Waals forces between macroscopic objects as a result of the ZPF. 
(4) the spontaneous emission of photons appears to be stimulated by the 
ZPF, and (5) quantum noise sets a lower limit ta detectability of electromag- 
netic signals and measurements due to the ZPF. 

{In 1989, H. Puthoff published a paper "Gravity as a zero-paint-fluctuation 
force" employing SED to expand on an earlier theory proposed by Andrei 
Sakharov (1921-1989), che father of the Soviet H-Bomb. The theory 
describes gravity as the force developed between small Planck length dipales 
(partons) that make up all matter and interact with the electric field of the 
ZPF at the shortest wavelengths. The paper develops a Newtonian-style 
solution with na adjustable parameters. 

In this analysis, ordinary matter is defined as a collection of charged 
point dipoles (partans) that respond as small oscillators that are character- 
ized by a constant radiation damping and a characteristic frequency bathed 
in ultra shore wavelength (Planckian) ZPF radiation fram all other matter. 

This approach is analogous to the |900 work of Max Planck (1858- 
1947) in describing black body radiation in terms of matter that consists of 
bound oscillators that interact with electromagnetic radiation. Planck's work 
led ta the development of quantum mechanics and further development in 
this direction was abandoned. 

Basically, this theary defines gravity as a force due to the electramagnet- 
ic interactions, not as the property of a warped space. In a sense, the warp 
of space becomes the gradient of the Planck wavelength electromagnetic 
field. 

The interaction of the dipoles and electric field are identical to the 
forces developed in a dielectric placed becween the plates of a capacitor. 
Part 2 will discuss this aspect in more detail and describe several experi- 
ments that were performed. 

The SED approach gives a simple picture of gravitational forces and 
attributes the lack of shielding to the fact that matter is particularly diluce 
and completely bathed in a sea of very short wavelength random electro- 
magnetic energy (the ZPF), This assumption is valid since Planck's length is 
on the order of |QE-33 cm and atoms are on the order of |OE-12 cm (21 
orders of magnitude larger). To be effective,an electromagnetic shield has to 
be dense enough to attenuate the field distribution and thereby produce 
shielding. 

In 1994, H. Puthoff was co-author with B. Haisch and A. Rueda on the 
paper “Inertia as 4 zero-point-field Lorenz force." Using the SED technique, 
they successfully described inertia as a retarding force produced by the 
interaction of the electric field of the parton as it is dragged through the 
magnetic field of the ZPF Both effects — gravity and inertia — are seen to 
arise from the very high frequency electromagnetic components of the ZPF, 
which also explains why it has been so difficult to recognize the connection. 

Maxwell developed the equations that describe the propagation of light 
and all electramagnetic waves in the 1860's. Gugliemo Marconi (1874-{937) 
and Nikola Tesla (1856-1943) are given credit far the invention of radio 
around 1895 and Marconi made his famous trans-Atlantic transmission in 
1901. 

The complete electromagnetic spectrum is illustrated in Figure 1 with 
the shortest Planck length waves responsible for the effects of gravity and 
inertia included. The bottom end of the electromagnetic spectrum is, of 
course, the ultra lang wavelengths. The wavelength for a 60 Hz wave is about 
3,000 mile long. Currently, much development is being directed in the |QE-3 
cm wavelength band (0.3-10 THz) because it offers high bandwidths, 
improved spatial resolution, and has applications to molecular spectroscopy. 

Imagine the bandwidth available at these shore Planck wavelengths. One 
can only wonder when the FCC will also discover the upper electromagnet- 
ie frequencies and try to auction off the gravitational band? 

The somewhat oversimplifications of an ideal oscillator interacting with 
the ZPF, as well as the mathematica! complexity of both theories, were obvi- 
ous sources of skepticism. Recently, an alternate derivation of inertia was 
developed directly from Maxwell's equation. In addition, a relativistic form of 
the inertia equation has been derived that circumvents the skepticism and 
provides deeper insight. While both special reladvity and general relativity 
involve inertia, neither gives any insight into its origins. 

Prior co this theory, Inertia has only been described as a property of 
matter. In addition, the introduction of the ZPF is cansistent with Ernst 
Mach's (1838-1916) principle. Mach made the philosophical statement that 
all motion Is relative and any motion Is devaid of meaning without the sur- 
rounding matter. Other matter is required to establish a frame of reference 
~— “the fixed star” becomes the ZPF. 

The gravitational ZPF theory has met with more resistance than the 
Inerela theory. While presenting some insight into a mechanism for the force 
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Figure 1. Complete Electromagnetic Spectrum 


of gravity and the lack of shielding, it only develops a Newtonian form of 
equation as opposed to Einstein's space-time curvature that is rich in predic- 
tions of lensing, black holes, etc. However, the inertial theory lends much 
support to the gravitation theory through the intimate definidon and inter- 
pretation of mass as an interaction with the ZPF. 

Obviously, further development is required, but the doar stands slightly 
agar to the possibility that both gravity and inertia can be manipulated since 
both properties arise in electrodynamics. This would fulfill Einstein's dream 
of an ‘clectro-gravity’ that would complete the work sarted by Maxwell. Ir 
would also incorporate the concept of controlling inertia inherent with grav- 
itational propulsion that would make possible nearly instantaneous accelera- 
tion, right angle turns, and silent hovering to bring us full cirele to our sci- 
ence fiction intraduetion. 

Sorry, but there Is no warp drive. Guess we will all have to cancentrate 
on that dream, both harder and langer. 

Part 2 will deal with some experimental aspects, plus references and 
web sites for additional information. NV 
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2701 Westland Court, Unit B, Cheyenne, Wyoming 82001 


TEK DC5004 Programmabie 100 MHz/100nS Counter/Timen, 


$200.00 
i ... $350.00 
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375.00 
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FLUKE GO60D/AK Synthosized Signal Gon., 0.1-1050 MHz, 

1O Hz tas. .......... . $1,906.00 
GIGATRONICS 1018: ‘Synth. SignavSweep Go 0.0S-18 GHz, 

1 kHz tag, 48 dBm......... .. $5,000.00 
GIGATRONICS 6006-12 Synthesized Sourto, 612 GHz. 

1 MHz ros., GPIB .._. -.. $1,500.00 
GIGATRONICS 6000/8-14 Synthesized CW Gon., 8-16 GHz, 

1 MHz tos., #10 dBm ..... . $2,250.00 
GIGATRONICS 876/50 Lavallod Mutipter. 

50.0-75.0 GHr output, -3. dBm .. $2,500.00 
GIGATRONICS 6002-8 Synthasizod SignalSwocp Gon., 

2-8 GHz, 1 MHz (0s, GPIB... $2,000.00 
HP 117074 Tesi Plug-in for HP 8660 satlos. $500.00 
HP 117204 Putsa Modulator, 2-18 GHz, BO 403 onvolf ratlo $450.00 
HP 8656B-001 Signal Gonarater, 0.1-990 MHz, 10 Hz reg. 

HPID, OCXO .... $2,750.00 
HP BG60C/H6603A/866398 Synthasized Signal Ganeratar, 

1-2600 MHz, AM, FAM... $3,250.00 
HP BEG0D'26503A 002 Synthe: 

phasa modulstion (B6635A) ... .. $6,000.00 
HP BG72A Synthasured Signal Gonorator, 2-18 GHz, 

+3. dBm output .. $4,500.00 
HP 8673H-212 Synthosizea Signal Genarator, 2.0-12.4 GHz, 

T kHz res, .... nee $8,750.00 
HP B673M Synthosized Signal Generator, 2-18 GHz, 

eens $9,500.00 
365 GHe, AM WEA Pulsa _.. $2,250.00 
HP B683D Signal Genoralor, 23-13 0 GHz, 

AMI WOFM/ Pulse .. $3,750.00 
HP 86848 Signal Ganorator, 5.4-12,5 GHz, 

ARMY WAFM! Putsa ....... . $4,000.00 
HP B684D 001 Signal Genarator, 5. 

AMMWEFM Pulse, +10 dBm . $3,750.00 


WAVETEK 982 Signal Ganorator, 1~< GHz, +10 dBm, . 


AM, FM. ... $750.00 
WAVETEX 957 Signal Gonomior, 12.18 GHz, +7 am, 

AM, FM .... $750.00 
SWEEP GENERATORS 


HP 83506835224 Swenp Oscillator, 10-2400 Miz, 


+19 dom levalled .. $3,750.00 
HP Ba50B/83525A Sweop Oscllalor, 10 MHz-B.4 GHZ. 
+13. dBm lavalied ... . $5,000.00 


HP 83501V83540A-002,004 Sweep Oscillator, 
2 0-8.4 GHz, 70 dB step aticnuator . 
HP 83508/83S454-002 Sweep Oscillator, 


$3,250.00 


4§.9-12.4 GHz, 70 dB stap attenuator . $3,750.00 
HP B1506/83570A Swoop Oscillator, 18.0-26.5 GH?, 

+10 dBm lavelied . ite .. $7,500.00 
HP 82508/83570A-H22 Sweep Oxcillator, 17-24 GH2, 

+10 dBm levelled $5,000.00 
HP 8601A GenaratorSweeper, 0.1-110 MHz, +20 dBm lavolled _ $400.00 


HP 86200 Swoep Oscillatar Framo ... 
HP 862228-002 RF Plug-in, 10-2400 MHz, «13 dim Md, 


.. $550.00 


70.48 step att, - . $1,250.00 
HP 862228. E69/8620C Sweep Oscriatar, 

0.01-2 GHz & 2-4 GHz, +10 dBm, witramo . $1,200.00 
HP 86241A-001 AF Plugin, 32 6 § GHz. «8 dam levalled $300.00 
HP 862514 AF Plug.in, 7.5-18 6 GHz, «10 cm lovelled $500.00 
HP 862604 AF Plug-in, 12-18 GHz, «10 dam unlevelled.... $400.00 
HP BGZG0A-HO4 AF Plugin, 10 0-15.09 GHz, 

410 dBm unicvalled $400.00 
HP 86290A AF Plug-In, 2 0-18.0 GHz, +7 dBm lnvetied . $1,200.00 
HP 862908 AF Plugin, 2 0-18 6 GHz. +10 cfm levelled $1,650.00 
MP 86290€ RF Plug-in, 2 0-18 6 GHz. +13 dBm levelled $1,850.00 
WAVETEK 2001 Swoop Generator. 1.1400 MHz, 

+10. dBm, 70 4B stop atten. ... . $900.00 


WAVETEK 20028 Swaop Gonasator, 1-2500 MHz, +13 
70 4B att., GPIB ... 
WILTRON 6647M Programmable Swaop Genorator, 
10 MHz-20 GHz, +10 dBm..... 
WILTRON 671 78-20 Frog. Synths Swoapar, 10 MHz-8.4 GHz, 
+13 dBm, AM, FIM ... steeeneamenstenh tn teaseennns $8,500.00 


POWER METERS 

BOONTON 426/41-~4E Anajog Powor Moler, 
with 1 MHz-18 GHz sensor 

HP 4358/6481 A Power Matar, -30 Io +20 dBm, 
10 MH2-18 GHz ... 

HP 436A-022/0481A Power Matar, -30 to +20 dam, 


$1,750.00 


. $4,500.00 


—» $450.00 
... $900.00 


10 MMz-18 GHz, HPID 2 . $1,200.00 
-022/8482A Powar Matar, « 

reer GHz, HPIB $1,200.00 
HP 4304-022/8404A Powor Molar, -70 to -20 dOm, 

10 MHz-16 GHz, HPIB ... $1,200.00 
HP 430A 022/8495A Powor Molar, -30 to +20 dBm, 

§0 MH2-20 5 Hz. PIB $1,500.00 
HP 477A Powor Matar Calibraler, for HP 432 sorion $400.00 


HP Qa4004 Powot Sansor, 330-50 0 GHz, 
WH2z2, for 425/0/7/0 
HP Re4ADOA W268 Mawar Sonsor, 26 6-40 GHz, 


$1,500.00 


for HI 435/070... .. $1,500.00 
AF MILLIVOLTMETERS 
BOONTON 026 AF Millvoltinetor, I mV-3V La, 

to kble-1 2 GHz $500.00 


RACAL-DANA 9303 AF Millwotmeter, 10 KH2-2 GHz, 
-70te «20 dBm 


APLIFIERS, MISCELLANEOUS 
AMPLIFIER RESEARCH 4W1000 Amplifier, 40 dB gain. 

4 Watts, 1-1000 MHZ 
BOONTON @2AD Modulation Meter, AM/ FM, 

10-1200 MHz — 
C.PL.VZC6901K1 TWT Amplfior, 35 dB gain, 

4-0 GHz, 20 Watts .. — 
ENIS100L Amplifier, $0 dB gain, 1.5-400 MHz, 

100 Watt.. 
ENIS25LA Ampiticr, 50 dB gain, 1-800 MH2, 

25 Watts... eS 
HP 117134 Swich/ Attenuator Driver, HPIB .. 
HP 17290-0053 Catslat Noise Tos! Sat. 

§ MHz-3 2GHz... 
HP 415€ SWA Meta 
HP B406A Comb Gono 

to 5GHz ... 
MP g447E Ampiifice, 22 4B, 0. 


$2,250.00 
$200.00 


. $500.00 


+13.dBm output eenstimmannatsnnee $750.00 
HP 8447F-H64 Dual Amp, 9 kHz-50 MHz 2B dB & 
0.1-1300 MHz 25 dB ees $900.00 


HP B901A Modulaton Analyzer, 150 kH2:1300 MHz $1,500.00 
HP 8901B-1,2,9 Modulation An , 0.15-1300 MHz, 
roar input, OCO, ex1.LO .. 
HP 8970A Noise Figure Malar — 
HUGHES 8010H13F 000 TWT Amplifier, >30 dB galn, 
346 GHz, 10 Watts .. 
RACAL 9009 Medulanan Met 


$2,000.00 
. $3,750.00 


.. $2,500.00 


AM & FM {1.5-100 KHz ph) $350.00 
RF POWER LABS MLSO Amphfi 
47 4B gain. 50 Watts. metered, 28V ...... $225.00 


ROHDE & SCHWARTZ ESH2 Test Receivor, 


9 kH2-30 MHZ... — $3,750.00 
VARIAN VZME991K3 TWT Ampiiier, 38 dB gain, 
8-18 GHz, 20 Wats $3,500.00 


COAXIAL & WAVEGUIDE 


AEROWAVE 28-3600/16 WA28 Directional Coupiar, 
10 dB, 26.5-40 GHz 
AMERICAN NUCLEONICS AM-a32 Gaviy Backed Spiral Antonna, 
LHC, 2-18 GHz, TNC(!] “NEW".... 
AVANTEK AMT-400%2 WAI28 Acirva Doubler, 
+10 dDm in +10 dOm out 26-40 GHz 
BIAD 8201 500 Watt Oil Dielectric Load, DC-2.5 GHz, 
N(f) 
FXFUMICRQLAB SL-D3N Stub Stretcher, 0.3-6.0 GHz, 
100 Watta max., N(avf} .... 
GR 874-LTL Constani Impedance Trombono Ling, 
0-44 cm, DC-2 Ghz .. 
HP 11S90A-001 Bias Network, 1.0-18.0 GHz, APC7 
HP 11691D-001 Directional Coupler, 22 dB, 
2-18 GHz, N(f)-all ports ....... 


$300.00 
$95.00 
$450.00 
$150.00 


HP 11692D Dual Direcuonal 

2-18 GHz aren $800.00 
HP 392271006 Programmabio Stop Attenuator, 

0-70.48, OC-40 GHz, 2.9mm _ _ $1,000.00 
MP 778D-011 Qual Dir. Coupler, 20 aB, 

100-2000 MHz, APC7 test port $450.00 


HP 84314 2-4 GHz Band Pass Fitter, N(m™) 
HP 87300C-020 Diractional Coupler, 20 48. 
10-265 GHz, 1.5mm .. 
HP KaZ2A WAA2 Fiat Broadband Detector. 
18.0-26.5 GHz —— 
HP K592A WRA42 Frequoncy Mater, 6.5 G 
HP K782A WRA2 Directional Coupler. 9 dB. 


. $150.00 


cere snseernn $475.00 


.$350,00 
$450.00 


18.0-26.5 GHz «$450.00 
HP K7S2C WR42 Ditectional Coupler, 10 dB, 

18.0-26.5 GHz .... ssoneaiteerinttememesnsees . $450.00 
HP K7S2D WR42 Dicectional Cauplor, 20 dB, 

18 0-26 5 GHz o $450.00 
HP K870A WRA2 Slide Scrow Tunor, 18.0-26 SGHz_ $275.00 
HP K9149 WRA2 Moving Load, 18.0-265 GHz... $200.00 
HP Q752D WA22 Directional Couplar, 20 dB, 33-50 GHE pmenen $650.00 
HP R422A WAZA Crystal Detector, 26 5-10 GHz .. $400.00 
HP A752) WA2B Orechonal Cauplor, 20 dB. 26 540 GHz $450.00 
HP RG14B WR28 Maving Load, 26 5-10 GHz .. $250.00 
HP V345A WAI5 Isolator, 25 dB, 50-75 GHz $750.00 


HP V752D WAI5 Directional Coupler, 20 dB, $0-75 GHz 
HP KB70A WASO Side Screw Tunor _ 
HUGHES 45322H- 11 10/1 120 WA22 Dirnctional Couslers: 
10 of 20 dB, 33-50 GHz .. 
HUGHES 45712H-1000 WAZ2 Fraquancy Matar, 
50-50 GHz . F 
HUGHES 45714H- 1000 WAI5 Frequancy Mati 
50-75 Gr . 
HUGHES 45721H-2000 WAZE Direct 
0-50 dB, 26.540GHr - 


0-50 dB, 33-50 GHz 
HUGHES 4§724H- 1000 
0-50 aB, 50-75 GHz .... 
HUGHES 4§732H-1200 WA22 Lovel Sot Attanuator, 0-25 dB, 
3350 GHz .. 
HUGHES 45752H-1000 WR22 Direct Roading Phase Shittor, 
0-360 dog..43-50 GHz __. 
HUGHES 45772H-1100 WA22 Thermisior Mount, 
-20 lo +10. dm, 33-50 GHz ...... 
HUGHES 45773H-1100 WA10 Thermistor Moun, 


-20 lo +10 dBm, 40-60 GHz __.___. 


$650.00 
HUGHES 45774H-1100 WA15 Tharmistar Mount. 


+20 lo #10 dBm, 50-75 GHz mamsevstet: .. $750.00 
HUGHES 47316H-1111 WRI10 Tuneable Dateciot, 

78-110 GHz, posers polarity —_____.. ———-.. $600.00 
HUGHES 47741H-2310 WA2B Phase Locked Gunn Ose,, 

92.000 GHr, +18 dam _____ $2,000.00 


HUGHES 47742H- 1210 WAZ2 Phase Locked Gunn Ose, 
42,000 GHz, +18 dBm $2,750.00 
KAYTAR 201020010 Directional Detector, 1-20 GHz, 


SMA(IMYSMG W..... $200.00 
KRYTAR 2616S Diroctional Octacter, 1.7-26.5 GHz, 
K(timySMC ..... atest erwecreree $200.00 


M/A-COM 3-19-300/10 WA19 Directional Couptar, 


10 dB, 40-60 GHz... etererereeenevere mstvovinsersesttternn = SASONLOG 
MICA C-121806 Circulator, 17.5-24.5 GHz, SMA(Umim)} 


a ostetene $75.00 
NARDA 3000 sorles Directlona! Gouplsrs .. $150.00 
NARDA 30204 BI: Directional Coupler, 50-1000 MHz, N . $500.00 
NARDA 3024 BI-Directional Cauplar, 20 dB, 4-8 GHz .... $375.00 


NARDA 2090-SERIES Precision High Directreity COUpIANS ue $225.00 
NARADA 368BNM Coaxial High Power Load. 500 Waris, 


2.0-18 GHZ, N(M) —.—erorsemneenne see =. $500.00 
NARDA 3752 Coaxial Phase Shittar, 0-180 tag /GHz, 
1.5 GHz eee $900.00 


NARDA 37533 hasa Shifter, 0-55 deg /GHz, 
9512.4 GHZ a enter reenter ns $950.00 


NARDA 4000-SERIES SMA Miniatura Directional Couplars .. $75.00 
NAROA 4247-20 Diroctional Coupler, 20 dB, 4.0-26.5 GHz, 

DSM Nos pe $200.00 
NARDA 5070-serlas Precision Rallectomotar Couplers _.... $300.00 
NARADA 562 DC Block, 10 MHz-12.4 GHz, 100 V max, 

Nim ... rere enone $65.00 
NARDA 765-1010 dB Attenuator, 80 Wants, DC-5 GHz, 

Ninf) -.... — ee $165.00 
NARDA 791FM Variable Attenuator, 0-37 dB, 

2.0-12.4GHz 00g e.80 
NARADA 792FF Varlabls Attanuator, 0-20 dB, 

2.0-12.4GHz ett trent oer -.. $375.00 
NARDA 793FM Direct Roading Variable Attoruator, 0-20 dB, 

4-8 GHz WW... sanahahtrt tnt {attri rere icone $225.00 
NARDA 794FM Direct Roading Variable Antarmatar, 0-40 dB, 

4-8 GHz _.....__. $375.00 


OMNI-SPECTRA 2085-6010-00 Crystal Detector, 1-18 GHz, 
nogative polarity, SMA (mf) 
PAMTECH KYG1014 WRA2 Junction Circulator, 
18.0-26.5 GHZ. eee eeerneereree 
SONOMA SCIENTIFIC 2143 WA42 Circulator, 20 dB, 


20 6-24. GH? .. ja a ns an os $75.00 
TEKTRONIX 2701 Step Attanuator, 0-79 dB, DC-1 GHz, 

AC of OC couplet. ——_.__.. __-__--__.-—. $175.00 
TRG B510 WR22 Direct Roading Anenuator, 0-50 dB. 

33-50 GHz nt es $900.00 


TRG VS51 WAIS Frequancy Meter, 50-75 GHz 
TAG W510 WAI Direct Roading Attenuator, 0-50 dB, 

75-110 GHz 
TAG W551 WAIO Frequoncy Meter, 75-110 GHz 
WAVELINE 100080 WA2a Torminated Crossquida Couples 


30 4B ....... ee anne $200.00 
WEINSCHEL 150-110 Programmable Siep Atianuator, 

0-110d8, OC-18 GHz, SMA _—---—_ ee 
WEINSCHEL 0109 Doublo Stub Tuner, 1-13 GHz, 

Nima} ..... $150.00 
WEINSCHEL DS109tL Doubia Stub Tuner, 0. 0.2-2.0 GHz, 

Nim) .. $150.00 


COMMUNICATIONS | 


HP 37204A-003 HPIB Extondar, fibre-optic cannectson 

"NEW OLD STOCK" 
HP SSSQ1A HPIB BUS ANALYZEL eon eeenn 
‘TAMPA MICROWAVE LAB BUC1W-02-W-CST Ku band 

Upeonvarter, { Wall 14.0-14.5 GHz WR75 "NEW" . $225.00 
TEK 1411F PAL Gon. w/SPG12 sync TSG11 color bars: 

TSG1a lnaarity . $750.00 
TEK 141A PAL Tost Gon., w/SPQ12,TSG11,TSG13,TSGI15, 

TSG16 seen ——- $1,000.00 
TEK 1411R PAL Tost Gan.. wSPQ12,TSG11,1SG12,7SG19, 

TSG15,TSG16__..__. ae en $1,100.00 
TEK 1411F-opt.04 PAL Test Gen..w/ 
SPG12,TSG11,TSP11,TSG13TSGIS,TSGI6.. 
TEK 147A NTSC Tast Signa! Generator, 

with naisa lost signal 
TEK 148 PAL Insarhan Taal Signal Gonaralor 
TEK 520A NTSC Vectoracope __. 
TEK 521A PAL Vectorscope ... 


| MISCELLANEOUS 


EG&G / PA A. 5302 /5316 Lock-in Ampifar, 
100 mHz-1 MHz, GPIB /AS242C .._. 
FLUKE 21804 ATO Digital Thermometer 


—.- $250.00 
aoseaee $475.00 


.. $1,400.00 


HP §9307A HPIB VHF Swan a $208.08 
PA A. 5200-95,88 Two-Phase Lock-in Amp, 2 Hr-100 kHz. 
GP we $1,500.00 


TEK TMS003 5000-esnas 3-alal Programmable 

Power Mmoguies 
TEK TM5006 5000-serios 6-sict Programmable 

Power Modula .__., 
TEK TM504 600-serioa 4-sict Power Mockde ___... 
TEK TM506 500-ariea 6-slet Powar Module 
TEK TM515 500-sartes S-aini Travelar Power Module 


Clrele 440 an the Reader Sarvica Card. 
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Questions & cAnewene 


TECH FORUM 


fied individuals. Always use common sense and good judgement! 


ne eR Ree Ried Send all matenal to Nuts & Volts Magazin 
). OR fax to (909) 371-3052, OR E- 


online electronics forums at the 

Nots & Volts website. There are 

currently boards for 

discussing Robotics. 

Microcontrollers. 

Radio, Computers. 

CNC, and a General 

J) forum for discussing any 

electronic toric at afl 

We'll even add 

hew dedicated 

boards for hot topics. Just let us 

know! 

Want to get a iump on things 

before the magazine arrives? The 

Tech Forum questions are posted 

on our website on or before the 

first of each month. Unanswered 

questions from recent issues are 
there also. 


QUESTIONS 


I'm loaking for schematics an a 


foshiba PCX1100 cable modem or | 


any source af information regarding 
the details of its operation, mother- 
board layout, etc. Apparently, these 


modems anly wark on a 1GbaseT | 


ethernet. | want to modify the 
modem so it wil work on both 
ldbaseT and 1GGbaseT. 

Any help in leading me in the 
nght direction would be fantastic. 
9011 Christian 

via Internet 


| have an Allen Electric & 
Equipment Co. (formerly of 
Kalamazoo, Mil), model £313 
growler (motar armature tester) that 
| would first like to rewire, and then 
leam how to use it! 

| need a schematic and operat- 
ing instructions. 
g012 Peter Stratigos 

via Internet 


{have en old, but stil well-used 
{1977) Heathkit Digital Floor 
Clock/Chime (GC-1195), It had 24 
small incandescent display lamps 
drven by 24 PNP grounded emitter 
transistors that provided a 3.5” high, 
tour- digit display using 24, 1.57 x 
0.25" rectangular lens covers over 
each segment lamp. 

The now very rare‘discantinued 
lamp: were replaced with 24 ultra 
brght 13000 MCQO) vellow 1.3/4 


| 
| 
| 


LEDs with the original dimming 
function retained. The main clock 
40-pin LSI chip was a non-multiplex 
type of chip that provided 24 actual 
leads — one to each of the four nunt 
ber segments and colon that has just 
failed. 

There are now only about five 
or six of these, now very costly, 
large scale integrated nan-mux 
clock chips left in the world! 

I would like to replace the small 
main dock board with an all new 
current clock IC chip board (keep- 
ing the current display board), but 
found they are all the multiplex type 
and while the display (now LED) 
could be cut up and rewired to sep- 
arate/isolate the common ground 
leads into four groups, there would 
be additional issues with the seven 
control segment leads that also mul- 
tiple to the clock chime board con- 
trol inputs and the 1/4 hour chiming 
outputs 

Is there an easy/practical way 
to convert a new clock board's 
sevensegment LED output and mul- 
tiptexing leads into 24 non-mux 
leads (i.e., 24 optical isolators with 
capacitors to block the on/off mux 
sequencing of the segments or op- 
amp comparators across the new 
display segment LEDs, etc.j? 

3013 Tom Murtaugh 
via Internet 


ANSWERS 


ANSWER TO #8014 - AUG. 2001 

! found a web page that told of 
an American university student who 
invented a new way of sampling TV 
images to allow recombining them 
50 as to pet IDTV. He applied for a 
provisional patent, was written up in 
same magazines, and has his proto- 
type unit in the basement of his uni- 
versity. 

do not remember anything but 
these gencral facts. Can anyone 
help? 


Michael Starks has an extensive 
background in science wilh five 
years of graduate study at UC 
Berkeley. He began exhaustive 
research on the patent and techni- 
cal literature of stereascopy (true 
40 inaging) in 1973. 


1) September 2001 Nuits Vults Magazine 


Princeland Court, Corona, 


{ to forum@nutsvolts.com 


In 1989, he founded 3DTV 
Corp. and began producing and sell- 
ing the world's first commercial 
home 3DTV system with 3D movies 
on videotape. 

The above has been excerpted 
from http://www.3dmagic.com/pe 
rsonal.html. 

There is also extensive material 
on 3D films, TV, and related prod- 
ucts on that site. 

Barry Cole 
Camas, WA 


ANSWER TO #8015 - AUG. 2001 

About 10 years ago, | remember 
there being a short craze on water- 
powered watches. I'm not sure what 
principle these worked on, but | 
would be interested in using it for 
my Own projects. 

Any information about this tech- 
nology would be much appreciated. 


I'm not familiar with the craze 
of water-powered watches, but the 
technology behind such a thing 
comes from the fact that even tap 
water has charged particles known 
in the industry as ions. 

Without getting into physics 
101 and keeping it short, each atom 
in the universe contains either posi- 
tive or negative values for these ions 
and thus they can be tapped for this 
electrical value or potential. 

In the chrome factory where | 
once worked, we had to deionize 
all of the water that ended up in the 
plating tanks. We had a special de- 
ionizing plant that would take the 
charge out of the water through 
osmosis, chemical action, and filtra- 
lion because if there was any excess 
potential leftover in the water, or if 
the water had the potential to con- 
duct easily because of impurities, it 
would interfere like a buffer or 
charge between the metals, the 
acids, and the generating source. It 
would either displace some of the 
metal being deposited or simply 
deposit those impurities in place of 
some of the plating materials, 

Because most LCD) watches 
consume lrss than the “static poten: 
lial” that resides in your body at the 
present moment, | would assume 
that a drop of water, especially one 
that is ditty with some minerals or 
two, would easily power one of the 


ANSWER INEQ 

+ Include the questian number that 
appears directly below the questian 
you are responding to. 

+ Payment of $25.00 will be sent if 
your answer is printed. Be sure to 
include your mailing address if respond- 
ing by E-Mail or we can not send pay- 
ment. 

+ Your name, city, and state, will be 
printed in the magazine, unless you 
notify us othenvise. If you want your 
email address printed also, indicate to 
that effect. 

* The question number and a short 
summary of the original question will 
be printed above the answer. 

+ Unanswered questions from a past 
issue may still be responded to. 

- Comments regarding answers 
printed in this column may be printed in 
the Reader Feedback: section if space 
allaws. 


QUESTION INFO 
TO HE CONSIDERED 
All questions should relate to one 
or more of the following: 


4) Circuit Design 3) Problem Solving 
2) Electronic Theory 4) Other Similar 
Topics 


INFORMATION/RESTRICTIONS 

* No questions will be accepted 
that offer equipment for sale or 
equipment wanted to buy. 

+ Selected questions will be printed 
one time on a space available basis. 
- Questions may be subject to edit- 
ing. 


HELPFUL HINTS 

+ Be brief but include all pertinent 
information. If no one knows what 
you're asking, you won't get any 
response {and we probably won't 
print it either). 

« Wrile legibly (or type). If we can’t 
tead il, we'll throw it away. 

« Include your Name, Address, 
Phone Number, and email. Only 
your name, city, and state will be 
published with the question, but we 
may need to contact you. 


LCD watches for days, if not weeks, 

Some of the newer watches will 
run for three or more years on a sin- 
ale tiny battery making its draw 
somewhere in the "Pico" amp range, 
while ionized walter can easily hold 
thal amount of charge. 

1 would say Iwo tiny electrodes 
placed close together in a tiny vial 
(or two) should! do the trick. | think 
your — physical manufacturing 
requirements will be your hardest 


ANSWERS TO #8011 - AUG. 2001 

My friend bought an older 
motel. The front desk switchboard 
for the raomi‘s telephones is an aging 
model with little or no tech support, 

Is there a way we can use a desk 
phone, small laptop computer, and 
some kind of interlace box as a sub- 
stitute for the old console to control 
the six phone lines that enter the 
motel? 

The software needs to switch 
calls between rooms and scan for an 
open line for outgoing calls. 


#1 Having installed and main- 
tained PBXs (Private Branch 
eXchange) for 20 years, | must tell 
you it can't be done. 

If the PBX console is electronic, 
its data format for communicating 
with the PBX is of a proprietary for- 


trick if you plan to make it into a 
watch. 

A "stick up clock" or cheap 
watch would be a good starting 
paint because some of these watch: 
es can be run for several seconds or 
minutes with a dead battery in place 
just by rubbing the case or glass 
cover, or even warming it when it’s 
cold with your hands. The only draw 
back that | can foresee is the fact 
that you may have to stack multiple 
water cells similar to multiple batter- 
ies in order to gain the potential 
voltage or current depending on 
your brand of watch and its require- 
ments. 

Chris 
Bieber, CA 


ANSWER TO #60110 - JUNE 2001 

I'm wying to find a circuit that 
will replace a voltage regulator 
assembly from a Homelite EHE 4400 
AC generator. From what | see, it’s a 
revolving field type with an exciter 
coil in the stator. 

The rotor and stator are both 
two pole (3,600 RPM). Their slip 


ring/brush assembly connecting the 
rotor to the regulator is, | assume to 


mat. In other words, the engineer 
that designed the system, made up 
his own code to transmit between 
console and system. These codes 
are not compatible with computers 
which use ASCII as the transmitted 
data. 

Another thing to consider, if the 
PBX is capable of communicating 
with a laptop, it would have already 
been using one. 

Dennis Hewett 
Frontenac, KS 


#2 A company called CMP (Call 
Management Products) sells some- 
thing like this. 

They can be reached at 
www.callmgmiprod.com or 303- 
465-0651. 

Geoff Prabert 
via Internet 


deliver DC excitation current to the 
rotor, When f run the engine and 
connect DC from my power supply 
to the rotor, the generator works 
fine. | rang out all windings and none 
of the resistance values seem out of 
the ordinary. Any information on a 
replacement part or a circuit dia- 
gram would be greatly appreciated! 


If your AC alternator produces 
voltage when the field is not ener- 
gized, then it can be self-starting by 
rectifying the AC, othenvise you will 
need a battery to get it started. The 
tegulator should include a_ trans- 
former and fullwave rectifier, to 
keep DC out of the alternator stator 
and minimize the filtering. 

! have built a regulator for an 
automotive DC generator, the same 
circuit should work here, although 
the current and voltage require 
ments may be higher. It may not be 
necessary to filter the rectified AC, 
but a ripple in the field current will 
distort the AC waveform. Contact 
me at russlk@att.net if you want a 
copy of my circuit. 

Russell Kincaid 
Milford, NH 


ANSWERS TO #8016 - AUG. 2001 

ts there any way | can power a 
device already connected to the 
phone line (providing an audio sig- 
nal), but also drawing power {6 
VDC.60uA) directly from the phone 
line? A diagram would be greatly 
appreciated. 


#1 You need to give more 
detail than “device." The more cur- 
rent-consuming “devices” you con- 
nect, the more the “busy voltage" 
drops. Idle telephone lines read 
around 48 volts, and busy lines will 
read anywhere from 5 to 12 volts, 
depending on your distance from 
the central office. If you cannect too 
many current-constiming “devices" 
onaline, it may not disconnect after 
you use it when these devices are 
first connected. 

Dannia Hewett 
Frantanoc, KS 


#2 The nominal voltage on the 
telephone line is 48 VDC, so you 
just need a resistor and zener diode. 
The current is small enough that the 
telephone company should not get 
concerned by the load. The 1uF 
capacitor is to filter any ring voltage 
that may otherwise get through. 

Parts are available from 
RadioShack.com: Zener diode = 
900-3091, luF cap = 900-2170, 
resistor = 900- 0127, 

Russell Kincaid 


Milford, NH 
+48 VDC 
390K 6.2 VDC 
te aur 
1N5234B T = 


ANSWER TO #6014 - JUNE 20017 

I'm trying to find any informa- 
tion relaling to electro magnetic or 
magnetic power. 

1 have searched the libraries in 
California and here in Arizona, and 
can’t seem to find anything that 
doesn't require a degree in nuclear 
science. 

Can anyone refer me to any 
publications that can be understood 
by the average person? 


Magnetic properties are nonlin- 
ear and therefore complex, but you 
can sometimes “cookbook” a solu- 
tion from the manufacturer's data. 

| suggest that you check out the 
websites of Magnetics, Inc. at 
www.mag-inc.com and Micrometals, 
www. micrometals.com. 

Russall Kincaid 
Milford, NH 


ANSWEA TO #8013 - AUG. 2001 
What is the wiring diagram for a 
ceiling fan with a four-position pull 
chain switch (off, high, medium, 
low)? What would happen if the 
wires for the speed changes were 
mixed up? Would it only affect the 
order or would it cause damage? 


! just installed a couple of 
weeks ago, two older ceiling fans 
that didn’t come with any wiring 
diagrams. The first thing | noticed 
with both fans was that only two of 
the four wires are actually for the 
motor even though one of them 
was a single-speed fan with external 
speed cantrol (light dimmer type) 
and the other was a four position 
pull chain. 

In both cases, the other two 
wires were for the lighting circuit 
even though they may or may not 
have a light fixture installed. One 
black (power) and one white 
{neg/ground) wire power the fan 
motor and the others (two or three 
wires) are usually for the lighting. 
Again, in both cases, the lighting 
wires were smaller in size (16 or 18 
gauge) and may be the following 
colors. Yellow, blue, brown, or red. 

If you have a light socket 
already installed, take it apart to see 
if there are any exposed wires ar 
shorts, nating the colors. If you 
have no light fixture installed, then 
remove the cover plate and again 
inspect the lighting wires for expo- 
sure or shorting and note the col- 
ors. There is usually a 1/4” ID hal- 
low tube that runs completely 
through the center of the fan motor 
assembly to allow these wires to 
end up at the other end of the fan 
to power and hold the light fixture 
to the fan assembly. This tuhe is the 
standard size and thread type used 
on all American lighting and lamps 
fixtures found in the home. 


Chris 
Bieber, CA 


PiCmicra MCU davalopment tools 
from microEngineering Labs, inc. 
www.melabs.com 


LAB-X Experimanter Boards 
Assemtied developmen! platlonms. 
Each has RS-222 serial por, in- 
rast programming connector, 
power supply, plus olher harcerare. 
‘LAB-K1 ler 40-pin (shown) - 9199.95 
UAB bo 28 ord-pn UCU - 50.95 
LAB-Y3 bo 18-pin UCU $118.85 


PicBasle and PicBasic Pro Compiier 
irda programs for PiCmcro MCUs in 

BASIC. Can te used in Windows on 

BOS findudes Windows edtociDE 

soltware). 

PleBasie Compiler - $02.95 

PleBaslc Pro Compiler - $219.05 


EPIC Plus PiCmicro Programmer 
Programs Ihe following PiCmicro 
vous Pici2Gm, — 126Exa, Fe 
140000, 16505, 16C55x, 6m, 7. = 
B4, Sux, 1GCEG2x, 16F62x, 7x, &, 
87x, 17C7a, and 18Cmm (soma 
MCUs requica adaplers). Software for 
Windows and DOS. Requires two IV 
bateries cr AC adapier {nol 
Included). Adapiers avallable lor vafious Gevica packages. 
Bara PCA wisottwara - $64.95, Assembled - $59.95 
Assembled w/AC adapter, cab'e and ZIF adapier - $99.95 


PiCProto Prototyping Boards 
$8.95 to $19.95 
Hgtrquaity blank prolotyping boards for 
PiCmicra MCUS. Holds your m.crncontrafer, S- 


voll regulator, oscillatty, capacitors, 089-25 
conrecine 


Ld Phone: (719) 520-5328 a 
= Fax: (719) 520-1867 a 


Box 60039, Colorado Springs, CO 80960 
For product information 
or fo order online. 
visit our website al: www.melabs.com 


Circle #44 an the Randar Service Card. 


The RF Connection 

213 North Frederick Ave. 
Suite 11NV 
Gaithersburg, MD USA 
20877 
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Complata Selection af MIL-Spec Coax, RF 
Connectors and Relays 


UG-21B/U N Male fer RG-213/214 
UG-21D/U N Male for RG-21214. 


N Connector for $91 WFlexMxXL/S096 


UG-218/9913....$600 Pina Only 
UG-21D/9913.....$4.00 Extra Gasket... . 


Amphenol 83-1SP-1050 PL-259 ..........$0.90 
UG-176/U Reducer RG-59/8X. 25 or 4/31.00 
UG-175/U Reducer RG-SA/58A .25 or 5/$1.00 
Silver Teflon PL-258Gold Pln ... .-.....--.--+ 

$1.00 of 10/39 00 


MIL-Spec Coax Available (Teflon, PVC ILA) 


New Product: Balden 9913F, 9913 wih 

High Density PE Foam dielectric, stranded 

center cond. and Duobond Ill Jacket............ 
seeuae BOM OF $78.00/1 0OR 


Also New: 9092, RGAX wrth Type Il Jacket 


Intro Prica .... oo crsecee tenes $SZ3. OO 008 
Call for Speciale of the Month 


Full Ling of Audio Cannactors for Icom, 
Kenwood, and Yaesu 


6 Pin Mike Female 

& Pin Mike Mala Pa 

12 Pin DIN far Kemwood 
4 Pin DIN for {com .... 

8 Pin DIN far Kanwood. 


Prices Do Not includa Shipping 


Orders = 800/783-2666 
Info 301/840-5477 
FAX 301/869-3680 
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ANSWERS TO «8017 - AUG. 2001 
i do electronic board repar for a textile mill. A 
ung man whose father used to work with me 
came to me with a problem. 

He overioaded the stereo with speakers and 
as soon as the power button is pressed, it shows 
protect. and 2 hours later when powered up, it 
soes through a displav. | have used the buttons to 
clear the memon, several times with no results. 

' I'm no TV er stereo repair man. but this kid 
believes in me. Sharp savs take it to a repair shop. 
They quote $0-$250. but this kid doesn't have 

| that kind of money. 

! wish someone would tell me how to correct 
this problem | would sure [the to help this kid and 
|! would appreciate someone coming to our res- 
| cue. I've been with Nuts & Volts for about 20 5 ears 
| and have seen it come a long way. I'm seli-taught 
in electron:cs and try hard. but { know my limits. 


#1 = Its -hely that the power output IC(s) are 
| blown due to the overload. This is causing the 
| power supply ta go into protect mode so as not 

to smoke the unit. If you remove the power ICs 

and the unit then powers up. replace them. If it 

stl does not power up, then you have a power 

supply problem which should be easy to trace. or 
ou should send the unit to a repair shop. 

Russell Kincaid 

Milfard, NH 


#2 Having repaired a few stereos in my time, 
what it sounds like — if | read you correct — by 
adding too many speakers to the system you have 
changed the impedance of the output and this 


can act like a heavy load or virtual short. 
Permanent damage may have already been done. 

Resetting codes and playing around with the 
processor won't help if the finals are damaged or 
compromised. 

The areas | would concentrate on are the 
impedance matching final resistors which your 
system may or may not incorporate. If you have 
these resistors, they will usually be a large ‘sand- 
type" resistor about one or two inches long. See if 
they are smoked, cracked, or they have a burnt 
smell. Also check to see if they have become un- 
soldered due to overheating. 

Nest. | would mave along to see if you have 
a‘final” transistor set-up such as the TO-220 or the 
TOS style and, if incorporated, test them for get- 
ting hot, see if they have become un-soldered due 
to overheating, check for ‘no current flow’ 
because they are fried, or the usual array of tran- 
sistor checks that are used in any standard circuit. 

If you have this design, they will be located 
fairly close to the back section of the circuit board 
close to where the speaker wires connect to the 
back plate or jumpers. Check to see if there are 
"final" fuses installed in the same area because 
many manufacturers incorporate these into their 
design as a failsafe system in case of a dead shor. 
Some manufacturers replace the fuse with a cir- 
cuit breaker instead of a one-time fuse. 

Next, you may have the “Solid-State Module" 
type af stereo and again check for input VS out- 
put voltages and current. The module may be the 
complete type which is usually around two square 
inches in size, and it is always attached to a 
heatsink of the same size. 


It also might be broken down into two or 
more smaller chip type amps (usually four) and so 
treat them the same and check each amp sepa- 
rately. 

A set of head phones can be modified to 
check for pre-amp and amp damage or operation. 
The module or chip can be completely fried so 
check for overheating, running stone cold, smell, 
and any physical damage such as a cracked plas- 
tic housing or burnt plastic. 

Other than this, you need to have good 
knowledge and experience in troubleshooting 
and audio circuits because it could be anything. 

Depending on age, any one of these systems 
may be incorporated in your stcreo and you need 
to determine which, if any, is your type. 

Chris 
Bieber, CA 


#3 The protect usually indicates that there is a 
fault on the output. These circuits are used to 
detect excessive DC from the power amplifier. 
There is probably a relay that connects the ampli- 
fier section to the output terminals. Find the input 
side and check for DC. ff it is above a few milli- 
volts, then the power amplifier is probatoly shorted. 

This type of failure can put quite a load on the 
power supply and affect other stages, as well. [t is 
likely that this unit uses a hybrid power module of 
some kind so, it should be relatively casy to repair. 

Please use care when poking around as there 
is a lot of energy available. Also use an isolation 
transformer if you have one available. 

A! Sekeet 
Grand Rapids, Ml 
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Avanti Executives Fined, Sentenced to Prison 

f you have been under the impression that theft of intellectual property 

aways goes unpunished, consider the case of Avanti Corp. (www.avanti- 
corp.corn), the IC design software vendor. Late in July, a six-year-old legal 
case aganst the company concluded with co-founder Stephen Wuu being 
Gragged away in handeuffs to spend two years in San Quentin State Prison. 
‘Wu. who is no longer with the ecmpany. also was slapped with $27 million 
m fines. Other Avanti executives who will be spending time in the slammer 
eciude Yuh-Zen Liao (§2.7 in fines, one year in jail), Eric Cho ($108,000 in 
fines. one year in jail), Eric Cheng ($27,000 in fines, 364 days in jail), and Mitch 
Igusa (cne year in jail). In addition, former president and CEO Gerald Hsu was 
fired $27 million but. as part of a plea bargaining agreement, will avoid prison 
and stay on as Chairman and Chief Strategist. Avanti was also ordered to pay 
mare than $195 mitfion to Cadence Design Systems, Inc (www.cadence.cam), 
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as restitution for Wuu's theft of Cadence's Symbad database code back in 
1991. 

Avanti's new president, Paul Lo, was quoted as saying that the company is 
“facing great challenges but also tremendous opportunities.” With customers 
and employees running for the exits, and Avanti stock prices having dropped 
from a high of $27.00 in February to $5.80 as of this writing, it appears that 
the challenges will take up most of Mr. Lo's time. 


A Dim Ray of Hope for Internet Companies 


+ an industry in which “dot-com” businesses have been becoming "dot- 
gone” in droves, there seems to be at least an upcurn in the downturn. 
According to Challenger, Gray & Christmas, Ine., July layoffs in the Internet 
service industry were only 8,697, which was the lowest since last October, 
when only 5.677 workers lost their jobs. It was also an improvement over the 
9,216 layoffs in June, Challenger (www.challengergray.com/) is a consulting 
firm that works with employers to find new employment for executive and 
middle management employees who are being terminated. NW 


Catch The Bus 


USB Relay Module 


Contrat 8 to 16 *tarm C”, 1 Amp relays 


. USB Opto Module 


8 to 32 opto-isofatod inpuls and Outputs 


‘ aoe USB Digital Module 
Industry standard 50 pin intorfaco 
USB Temperature Module 
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J-Works, Inc 
12328 Gladstone St., Unit 4 
Sylmar, CA 91342 
(818) 361-0787 Voice 

(818) 270-2413 Fax 


Visit our Wab sita for troo 
information on all our producia 


http://www.j-works.com 
E-mail sales @j-works.com 
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LITTLE 
AUTO 
TUNERS 
FOR 
LITTLE 
RADIOS 


by Gordon West 


ne of the best signals you will put 

out and receive on high frequency 

(3 MHz-30 MHz) is with a well-elevat- 

ay ed halfwave dipole. Each side of the 

~ dipole is one-quarter wavelength 

Jong, and the overall length of the dipole is half 

the wavelength you are transmitting on, based on 

the formula: length in feet = 486 + MHz. This is the 

overall length, end to end, with an insulator or 

baiun in the center to separate each one-quarter 
wavelength section. 

The halfwave dipole is probably the most eco- 
nomic way to get an excellent signal on the high- 
frequency bands; and if all you have is just one 
high point of attachment, you could haul up the 
center of the dipole and droop each end down at 
about a 45degree angle which also improves 
transmission and reception off the ends of the 
dipole, too. 

You may even “roll your own” feedpoint isola- 
tor by taking 10 turns of RGS8A/U coax around a 
toilet paper cardboard center, and as long as you 
trim the dipole one inch at a time, you should be 
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G@Tc100 GTCc200 aTciaa GT¢I01 
128x64 LED 256x128 CCF 320"240 CCF 320x240 LED 
Graphic display 


Touch screen (optional) or 12x12 input matrix 


Serial communication (RS-232C) 

Eprom or Flash for screen storage 

Only +5VDC power required (or 9-26VDC) 
Includes graphic controller board 

Easy to use development software 
Powerful friendly instruction Interpretar 
Create screens by PC paintbrush 

Holds 100's of “canned” graphic screens 
Simple to place touch buttons software 


Easy Interfaco with PC/104, 8051, 68HC11, PIC Phono 312. 243-4700) 
|Embeddod Computer Controller Also Available [favs 
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Easy 


The front 
and rear of 
the LDG 
antenna 
coupler 
AT-11MP. 


able to bring the SWR “dip” just about flat any- 
where in the single-band operation. 

You can even get 15 meters to play on a 40- 
meter-cut dipole. You may also get three addition- 
al lower bands of resonance on a single dipole 
feedline by fanning out different band half wave 
lengths below the lowest frequency band, such as 
40 meters. 

Another way to get multipleband capabilities 
out of a dipole antenna system is to purchase 
multi-band dipoles, already rigged up with individ- 
ual elements fanned down from the balun or 
gaing for a trap dipole. To see what these dipoles 


Gordo puts 
automatic 
antenna 
tuners and 
couplers to 
the sea 
water 
ground 
test. 


look like, log onto www.alphadeltacom.com and 
www.radiowarks.com, 

Jim Thompson W4THU (at the Radio Works; 
757-484-0140), has a terrific free catalog available 


on wire antennas, plus his popular book 
Frequently Asked Questions About Antenna 
Systems. 

Well-elevated dipoles (at least one-half wave 
length above the ground) are the benchmark for 
measuring gain improvement from beams, as well 
as comparative “almost as good as a dipole” 
measurements from vertically loaded antennas 
like mobile whips and base station trap verticals. 
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Z-i1 QRP Autotuner 


Microprocessor Controlled 


—~ LED Status Lights 
saoocer f || 1.8ty30MHz 
| -1 to 60 Watts 
Auto Sleap Moda 
e 
operator itetfon | | #12V0C input 
throug ugh seria c Rugged Metal Casa 
@; LDG Electronics, Inc. 
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Cirela 810 on tha Reader Sarvies Card. 


$179 Assembled 
$145 Ktand Enclosure eae 


See your favorite dealer or visit www. Idgelactronics.com 


nSereen|, What's Under Your PTT 


Zero Power Draw 
Once Tuned! 

Latching relays hold 
the tune settings so 
power can be removed! 
Perfact for remota or = | 
backpack operation. 
Weighs only 15 oz. 


Toll Free Sales: 877-890-3003 
Support: 410-586-2177 

Fac 410-586-8475 

E-Mail: dg @idgelactronics.com 
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Sea water 
makes 
antenna 


AUTOMATIC COUPLERS HAVE 
THEIR PLACE 


The automatic antenna coupler is a several 
hundred-dollar, active, antennatoading tuner 
specifically designed to take as much of your 
transmitter power and impress it as RF current 
into your antenna wire. The automatic antenna 
coupler is a distinct separate box than what you 
may find built into the high-frequency ham radia 
transceiver as a “builtin auto tuner.” The trans- 
ceiver's buittin auto tuner may be more consid- 
ered an “auto trimmer,” resolving elevated SWR 
down to a minimum for full transmit power out 
Most builtin automatic antenna tuners will handle 
SWRs of less than 4 to 1, but seldom over 5 to I. 

This is well described in Your Guide To HF 
Fun, just released by Dave Ingram K4TWJ, 
Birmingham, AL available at most ham radia 
stores (www.aesham.com). 

The fully autcmatic antenna ¢ecupler is usual- 
ly a remote-mounted, active electronic "box™ that 
gets hidden away near the antenna feedpoint 
aboard boats, up in attics, on the roofs of 
motorhomes, and in the tail of airplanes. The 
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Only 6” water 
contact was 
needed for the 
tuners to work 
well. 


remote-mounted automatic antenna coupler 
relay-clicks in variable amounts of fixed inductors 
and fixed capacitors to maximize output current 
to the desired radiating wire. Aboard boats, this 
wire may be insulated rigging or plastic-cavered 
wire hoisted to the top of the sailboat or power 
boat mast or super-structure. In an attic, the 
remote-mounted auto coupler could feed a wire 
that runs along the main beam. In airplanes, the 
remote-mounted coupler feeds a tail wire to the 
wing tip or a trailing wire, and in motorhomes, a 
wire that may run around the top of the vehicle. 

But for the automatic antenna coupler to per- 
form properly, it needs a low-resistance counter- 
poise and ground system below the tuner. For 
boats, copper foil temporarily tossed overboard or 
permanently connected to an underwater ground 
plate or metallic through-hull does the job nicely. 
For the attic antenna, the automatic remote 
mounted automatic antenna coupler may use 
water pipes, aluminum ducting, or chicken wire 
lining the inside walls as an effective ground sys- 
tem. Airplanes and motorhomes may use the 
body as a ground. 

We recently tested automatic antenna cou- 
plers from both SGC, Inc. (www.sqeworld.com) 
and a brand new, non-remote mounted tuner from 
LDG Electronics (www.ldgelectronics.com), We 


SGC 
automatic 
remote- 
mounted 
antenna 
coupler — 
inside 
view. 


chose to test these two lines of automatic anten- 
na couplers because they will work with any high- 
frequency transceiver without data start and stop 
tune commands, and both companies produce 
several different versions of their automatic ante 
na couplers that will work with the new, exciting, 
low-power transceivers like the SGC 2020, Yaesu 
FT-817 (all the way down to one watt), and other 
high-frequency QRP transceivers from Elecraft, 
MFJ, Sierra, and Ten Tec. 

| decided to test these tuners in a common 
sailboat maritime mobile configuration where the 
mariner had insulated a mast supporting stay giv- 
ing us over 65 feet of unobstructed, almost-verti- 
cal radiation. Our ground system would consist of 
four options — the embedded copper foil ground 
in the hull (not touching sea water), a second 
ground system made up of the boat's intemal 
metal tanks with a very long wire run to the sea 
water, and our third and fourth temporary ground- 
ing systems of 3” wide, 3-mil, copper foil that we 
would temporarily toss over the stern end of the 
boat. We would use a modified Alphadelta switch 
to rapidly change over the different ground sys- 
tems, retune, and then see what type of skywave 
reports we would obtain from other stations thou 
sands of miles away. 

The capacitive ground system made all of the 
tuners hunt and hunt for a proper tune lock. 
Neither of the two capacitive ground systems 
inside the hull would generate enough current in 
the insulated backstay to show a good, strong 
meter reading with our MFJ antenna current 
probe, nor any real brilliance on a florescent tube 
held next to the antenna output wire. 

But when we switched over to our copper foil 
hanging 30 feet underwater to the muddy bottom, 
antenna current immediately jumped up. the flo- 
rescent tube glowed brightly, and the distant sky- 
wave stations said that our signal went from 
almost unreadable on the capacitive ground 
plane to signal strength seven on the sea water 
direct ground connection. We could also hear the 
difference on receive, too. The capacitive ground 
system gave us plenty of noise, but the sea water 
ground dropped on the onboard noise, and 
peaked the signal coming in from stations thou- 
sands of miles away on several high-frequency 
ham bands. The automatic antenna couplers 
were also much faster in their lock up to the sea 
water ground. 

The final test was to see how much sea water 
contact we needed to achieve strong signal 
reports, minimum onboard noise pick-up, strong 
antenna current on the antenna, and a bright flo 
rescent tube. Our test would involve switching to 
the fourth copper foil hanging only four inches in 
the sea water. Guess what? There was virtually no 
change in performance as long as our copper foil 
ground was making just four inches of contact 
with the sea water. We have seen this phenomena 
many times — a single copper foil ground to a 
conductive surface like sea water, vehicle frame, 
and apartment chicken wire does the grounding 
trick completely without 1/4 wavelength radials 
needed. 

We repeated the twin foils test several times — 
one foil ground over 30 feet into the sea water, 
and the other foil graund just inches below the sea 
water surface. Signal reports were identical. The 
tuner would not change tuning steps between the 
two as further proof that the tuner could not sense 
four Inches of sea water grounding, or almast 40 
feet of sea water grounding with 3" wide copper 
foil. 


ANTENNA COUPLER DIFFERENCES 


We have worked for years with the SGC auto- 
matic coupler — §G-230 — in both marine, mobile, 


Pd 


Testing how well each tuner worked with different 
marine ground systems. 


and aeronautical mobile applications. The SGC- 
230 can handle up to 200 watts of power, and will 
even let it tune very small three-watt transceivers 
like the Yaesu FT-817. But this is a big box — and 
is designed specifically for permanent installation, 
inside or outside. It is fully waterproof. 

SGC now offers the dramatically smaller but 
fully waterproof Madel 237 fully automatic anten- 
na coupler, designed for fixed, portable, and 
weather protective applications. Like the larger 
SG-230, the SG-237 series outputs to an active 
long-wire antenna or the mounting of a portable 
whip antenna. They also offer the SG-231 slimmer 
version that might alsa work up to the amateur 
radio six-meter band. 

Most recently, SGC brought in the SG-239 
fully automatic antenna coupler, designed for any 
application mounting but the need for keeping 
rain or snow from getting into the exposed circuit 
board. The exposed section of the circuit board 
offers little tiny micro switches, push-button style, 
to manually accomplish the tuning pracess that is 
normally done fully automatically. There are liter- 
ally hundreds of cambinations that may be push- 
button controlled, and the SGC website shows 
them alll 

All of the SGC automatic antenna couplers 
tuned up our sailor's Insulated backstay with just 
three watts of power, the Yaesu FT-817, plus sev- 
eral other rigs Including the SGC-2020, and we 
really couldn't tell any major difference on both 
transmit and receive. But | would assume that the 


Radio pioneer Art Godson W7AEG verifies tuner 
output current over sea water ground. 


Two Step Tuning 
Step One: Pick up microphone. 
Step Two: Transmit. 


(Please note: HF Tuning doesn’t get much easier than this.) 


SGC Smartuner” 


HF Automatic Antenna Couplers 


“For me and my radio dollar, there isn’t a better coupler made!” 
Jack Huebschen S9XRO 


Power Input: From 1.5W - Up to SOOW* 
HF Frequency Range: From 1MHz - Up to 6OMHz* 
Up to 4,000,000 element combinations* 


Five Sensor Devices ‘Specs difer per modal 
“Undoubtedly the best piece of hamgear I have ever owned.” 
Rannic Kane K9MNT 


Marine, Commercial, Amateur Radio, 
Aviation, Special Applications 


Starting at $249 


www.sgeeworld.com 
Toll Free (800) 259-7531 = Te] (425) 746-6310 © Fax (425) 746-6384 © Email: sec@secworld com 


Malling: PO Box 3526, Bellewie, WA 98009 = Shipping: 13757 SE 2cb St. Bellevue, WN98005 USA 
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Ciecle #29 an the Reader Service Card. 


physically larger SGC- 


237 tuner will run cooler and never are over dur- 
ing prolonged periods of transmit running PSK-31 
or PACTOR Ii. With the physically smaller sized 
SGC couplers, | would suggest their use with low- 
or medium-power transceivers that won't neces- 
sarily exceed 150 watts output. 

We then began testing a new line of autamat- 
ic antenna couplers/tuners fram LDG Electronics. 
We first tested the LDG Z11, an 1.8 MHz to 30 
MHz device that works all the way down to 
one-tenth of a watt output and up to about 30 
watts continuous, 60 watts peak. This tuner 
would be ideally suited for the new breed of 
QRP transceivers, not necessarily your big HF 
marine ar ham set that typically puts out in 
excess of 100 watts plus. 

The LDG Z11 was found to be extremely 
frugal on current consumption, gaing into a 
low-current made of only .0079 amps after 
tune up. And sure enough, as soon as we 
gave the unit some forward power, the relays 
Immediately began whirring and the green 
light-emitting diode blinked on showing tune 
with low SWR. 

The Z11 is not intended for remote 
mounting as all the SGC automatic couplers. 
The LDG Z11 mounts by the equipment, and 
to start the tuning process, you transmit a 
continuous carrier and press the tune button. 
If you press the button with your equipment 
still in receive, you hear a momentary burst of 


noise in your receiver, and this is a good indicator 
for you to know you must first transmit the steady 
carrier and then push the button. 

Since the LDG Z11 is at the equipment, not 
the antenna feedpoint, you are not only tuning the 
antenna, but also a portion of the coax feeding 
the antenna. LDG recommends a 4-to-1 or 6-to-1 
balun between the antenna and tuner to facilitate 


Little low-cost 
LDG Z-11 auto 
tuner. 
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the tuning process without putting an over 
amount of current onto a radiating feedline. We 
did find that transmit did cause some interesting 
squeaks and glows in the sailboat instrument 
panel. but we noticed our feedline was running re- 
atively close to the panel, so we suspect it was a 
Lttle bit of stray RF getting onto same of the ship's 
wiring. 

The front panel of the Z11 has all sorts of 
switches so you may manually cycle the tuner 
into different combinations of inductance and 
capacitance for the best match. 

We also tested the new IDG AT-11 MP auto- 
matic tuner with a builtin cross needle SWR 
bridge. This tuner alsa features coax output as 
opposed to a single-wire output featured on SGC 
automatic couplers. This means the AT-11 MP is 
placed right next to the equipment, and again it is 
recommended that a balun be installed at the 
feedpoint to improve performance. | might also 
recommend the Radia Works line oscillator to go 
at the feedpoint in maritime installations for both 
the Z11, as well as the AT-11. 

The LDG AT-11 MP handles more power — up 
to 150 watts, using relays to configure 256 capaci- 
ters and 256 inductars and hightow impedance 
settings to provide over 130,000 tuning combina- 
tiens. Mast of our reviewers liked the cross needle 
S-meter and said it really gave them a good idea on 
how well the automatic antenna tuner was finding 
matches. We used the cross needle SWR meter 
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Alpha Delta 
slooper wire 


MODEL DX-A 
also for deter- 
mining how 
different 
ground = sys- 
tems aboard 
the — sailboat 
would influence the tuner on different bands with- 
out the tuner automatically seeking a different 
combination of L and C. 

An interesting feature we found was capabili- 
ties to tie this equipment into an ICOM 706. This 
would allow the ICOM tune button to switch over 
to CW, transmit 10 watts, and start the AT-11 MP 
tuning cycle. There are also capabilities of hook- 
ing in a speaker to jack 4 and audia feedback will 
provide an indication of SWR level. The feedback 
is a series of one to five beeps where one beep is 
low SWR, and five beeps indicates SWR above 
three. For the visually impaired ham, this might 
be a nice feature although any one of the push- 
button tuners could allow an operator to simply 
manually tune and listen to the amount of back- 
ground noise. That was a nice touch with the audi- 
ble feedback. 

There is even a remote-control head that may 
be attached to the AT-11 MP. The remote hooks 
up via a nine-conductor shielded cable with a 
female dB-connector at each end. This could let 
you get the tuner closer to the antenna feedpoint. 

Both the SGC, as well as the LDG automatic 
antenna couplers require 12 volts. For those of 
you running on batteries with the FT-817 or SGC- 
2020, power consumption is of primary impor- 
tance to you, so you may wish to log onto both 
SGC, as well as LDG websites and see which auto- 
matic coupler is going to draw the least amount of 
power. 
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TiCkit 63 Getting Started 
Package ‘ 
(T63H256K-GSP) 
_ Prototyping laboratory includes: Win 9X 


IDE software, power supply, download 
cable, 830 hole solderiess breadboard, 


RS232 interlace, PCAT interlace, 32K “sm 


EEprom (up to 256K), TICkit 63 FBasic 
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Low-cost simple dipole works wonders! 


We didn't see much difference on our MFJ 
antenna current meter when we went to an auto 
coupler that was remote-mounted at the feedpoint 
to the LDG coupler that mounts by the equip- 
ment. We did find that the remotemounted SGC 
auto couplers gave us less interference to cur 
onboard ship wiring — but for a home station, 
chances are you wouldn't see the effects of ele 
vated SWR on the feedline. 

No doubt there will be great discussions 
between SGC and LDG on what type of tuning 
method is best — 50-chm output, or a single-wire, 
high-voltage output right at the feedpoint. 
Weatherproofing is another consideration, and 
both SGC, as well as LDG are manufactured in the 
United States for USA factory service. 

Chances are we're going to see more empha- 
sis on relatively small automatic antenna couplers 
for the new breed of QRP transceivers. But keep in 
mind, as trick as automatic antenna couplers are, 
the homebrew dipole, cut to frequency, takes no 
additional antenna current and is a fun way to 
work DX from an antenna system you really feel 
good about because you designed and built it 
yourself. 

But in special applications like maritime 
mobile, aeronautic mobile, or when you have a 
single wire with multiple bands of necessary oper- 
ation, automatic antenna couplers that tune well 
beyond the capabilities of built-in automatic 
antenna tuners are a logical choice. NV 


Next month: HF Antennas Shootout. 
How much better are bigger coil 
mobile antennas? 
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if you like Parallax's Stamp, you'll 
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Www. protean-logic.com 


Protean | 


(303) 828 9156 
_ FAX: 826 9316 


26 Sertimesa 2000 Nuits & Sills Magazine 


Controller 


Clrcia #£2 on the flasdes Serelca Card. 


The Brad Programmatbie Solenedd (PPS) delivers the motion cepabilily of a suphialicaled stepper 
sncdor system wilh the almpliciy of a solenald. This eliminates the non lineat and eralle banging 
motion of a traditional salenald. The electronics of the PFS alleas the user to program and stare the 
desited meton profile using the siriple user Interface. The Innavallye PPS gives programmability to 
the metlon of a solenald without the expense of a costly motion ¢untrol ayatem. 


PICARD INDUSTRIES 


Specializing In Minlature Smart Motara and Sensora 


ASCO Quaker Hill Road Email: jcamdep4@line.com 
Albian, ew York 1441) _ Phone/Fax 716-589-0358 wwsicard industiles.com 
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(3rd Edition) by Trevor Linsley 


This is a new edition of the successful Electronics for Electricians and Service Engineers and 
completely updates the previous text by taking into account the recent changes in the C&G 2360 
(now 2351) and 2240. The new edition also incorporates hardware topics from the popular course, 
C&G 7261 Information Technology making this an indispensable reference for all those taking C6G 
courses. 

‘Electronic Servicing and Repairs' includes an expanded chapter on testing and fault diagnosis, 
incorporates PLCs and CAD software and introduces automatic text equipment (ATE). 
Communication and security systems are completely updated — the section on TV receivers, satellite 
TV, VCRs, CD players, and cable TV has been expanded and a new chapter has been devoted to 
alarm systems. 


Contents 

Health and safety * Electronic component recognition * Electronic circuit assembly techniques * 
Electronic semi-conductor devices * Electronic circuits in action * Testing electronic circuits * Digital 
electronics * Electrical circuit theory * Electronic systems * Communication systems * Security sys- 
tems * Sensors and transducers * Appendices * Glossary. 


Beginning Digital Electronics _ ANDREW SINGMIN 


Through Projects by Andrew Singmin _ BEGINNING DIGITAL ELECTRONICS 
THROUGH PROJECTS 


Beginning Digital Electronics Through Projects provides practical exercises, building techniques, 
and ideas for over 35 useful digital projects. Some digital logic knowledge is necessary, but the theo- 
ry is limited to “need-to-know" information that will allow you to get started right away without com- 
plex math. Many components in this text are common to either analog or digital electronics, and 
beginners or hobbyists making their start here will find an overview of commonly-used components 
and their functions described in everyday terms. 

Each of the projects builds on the theory and component knowledge developed in earlier chap- 
ters, establishing progressively more ambitious goals. Step-by-step learning instructions help you 
determine the best ways of working with such projects as Schmitt Trigger Circuits, Versatile ICs, 
Digital Support Circuits, and much more. Two interesting wireless projects (an FM receiver and an 
FM transmitter) bring the final chapters of this book to a close. 


All of this | 
by Newnes 
the Nuts & U 


Microcontroller Cookbook 
(2nd Edition) by Mike James 


Microcontroller Cookbook guides you through programming, interfacing, development work, and 
circuit design using two of the most popular micracontroller families. The cookbook approach makes 
this an ideal book for anyone who has to get up and running quickly, so it is ideal for hard-pressed pro- 
fessionals and advanced electronics hobbyists. Enough theory is included ta make this a suitable text 
for introductory microelectronics courses up to first-year degree level. New sections of reviews make 
this an ideal text for courses or independent study. 


Contents 

Preface; Number systems; Programmable logic design; Memory systems; Input/output systems; 
Problem analysis and design; Text editor/assembler/linker operation; MCS51 hardware; MCS51 soft- 
ware; PIC hardware; PIC software; Development systems; Microcontrollers Vs SBC: Compilers; Problem 
solving In C:; Index. 
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5 as programming and using your PC. Make your 
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by Dennis Shepard 


Those of us who are a little older will 
rernember the seemingly magical dawn of 

1 digital display devices several decades 
ago. The first digital voltmeter | remember see- 
ing actually had rows of incandescent lamps 
numbered 0-9 far each decade of the digits! 
Then, it began with the seven-segment LED 
readouts and has progressed to the multiple- 
sized LCD displays of today. And it really gives 
a professional appearance to any project you 
might come up with. 

A quick look at almost anybody's surplus 
or electronics catalog will reveal some real bar- 
gains out there in LCD displays. The only prob- 
lem is that an Interface is required. The mod- 
ules typically require set-up and configuration 
commands to be sent to the device to ready it 
for operation. And the interface is normally 
eight-bit parallel with several control lines to 
boot. So that could stifle the average user a bit 
.» until now. 

What I've come up with is a simple serial 
interface that includes the most often desired 
features, as well as simplicity of use. Designed 
for use with one line by eight character LCDs all 
the way up to two lines by 40 character LCDs, 
the interface pretty well covers all the displays 
out there. Along with two different versions to 
operate at either 2400 baud or 9600 baud ina 
standard 8N1 format ... depending on what your 
speed requirements are. 

And only two software commands to simpli- 
fy control ... a carriage return (Control-L which 
is ASCII code 12) to clear the display and a line 
feed (Control-M which is ASCII code 13) to 
reposition the cursor to the beginning of the 
second line. So, if you've been looking for a 
way to really jazz up your next project ... here it 
ist | think you'll find it's just what you've been 
looking for... 


What makes it 
universal? 


Good question. Most LCD 
displays available to the general 
public (and hobbyists, in partic- 
ular) are based on the Hitachi 
HD44780 LCD interface chip. 
Since these displays use the 
same protocol based on this IC, 
it's passible to make a universal 
interface that works well with 
many different displays. And 
there's some other commonali- 
ties, as well. 

LCDs are alpha-numeric 
and display a full range of char- 
acters known as ASCII, which 
stands for American Standard 
Code for Information 
Interchange. Based an an eight- 
bit code (that's why they have 
eight data lines), the displays 


= 


What I've come up 
with ts a simple serial 
interface that Includes 
the most often desired 
features, as well as 
simplicity of use. 


Build Your Own 
Universal LCD 


Interface 


Visual display devices 
are an integral part of electronics 
in this age. 


will show numbers, letters in both upper 
and lower case, and graphics characters. 
Since the codes for the numbers and let- 
ters (as well as the control cades) are 
universal, we know that sending the prop- 
er code will always generate the proper 
character. 

LCDs are always set-up with 80 
memory locations. Since we have config- 
ured the set-up procedure for two-line dis- 
plays, the first line goes from memory 
locations 1-40 and the second line starts 
at memory locations 41-80. So, if you've 
got a 2x40 LCD display, you can see all 
80 locations at once. We'll go into this 
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more later, but | wanted to touch on it here as 
part of the standard which LCD manufacturers 
follow. 

LCD displays have great advantages over 
LED displays in several ways. When was the last 
time you saw an LED watch ar calculator? LCDs 
use less power, generate less heat, and are easily 
viewed in many different lighting conditions. 
Some LCDs have backlighting, which allows 
them to be viewed in darkened environments! 
And most LEDs are limited to a seven-segrnent 
readout, which limits you to numbers only. 


Initializing the display 


This is where it gets interesting. Besides the 


ECL-1200MN ECL-1200MC 


ECL-372 


+ Vec 


eight data lines, LCD modules will also have 
three other control lines. There's an R/W line, a 
Register Select line, and an Enable line. The 
Read/Write line is grounded in this project since 
we're not interested in reading any information 
from the LCD. The register Select line allows us 
to switch from command mode to data made. 
And the Enable line determines when the LCD 
display receives the commands or data. 

On start-up, the LCD display goes through 
its own initialization routine. This takes approxi- 
mately 15 msec., during which time the display 
is said to be ‘busy.' The first thing we do in the 
PICs program is to change all 1/O lines cannect- 
ed to the module to inputs. This prevents any 
interference with the display's start-up routine. 


ECL-1200MN 


75176 


to LCD module 
@> Gnd 


Then we change the I/O lines to outputs and 
set the Register Select and Enable lines low. 

This puts the display in command mode. 
The display is then programmed for eight-bits. 5 
x 7 format, second line on and enabled by tog- 
gling the enable line high and low again. Next, 
the display is turned on and the enable line is 
toggled. Finally, the display is cleared and the 
enable line is toggled again. Now, we set the 
Register Select line high, and we're in the data 
mode of operation and we're ready to do some 
thing. 


The dreaded numbers game 


Well ... it's not really that bad! If you'll recall, 
we discussed earlier about how al] LCD mod- 
ules have 80 memory locations, But unless 
you've got a 2 line by 40 character display, 
you're going to reach a point where you send 
characters to the display and nothing shows up. 
We're about to solve that mystery right now! 

For example, a two line by 16 character 
LCD display will use memery locations 1-16 for 
the first line. If you keep sending characters, 


LCD displays have great advantages 
over LED displays in several ways. 
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12 GHz HIGH POWER 

MINIATURE 1.2 GHz VIDEO 

VIDEO TRANS TRANSMITTER 
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1000 FT L.O.S. 


3.5 INCH 
BI MINI OGME 
CAMERA 420 TVL 
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O LUX @ 10FT 


12 INCH Bi La) q 
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acavenra $350. 


VIEW CAMERAS FROM ANY 
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GREAT PLAYBACK RESOLUTIO 
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BIW REAL TIME 
QUAD WITH SWITCHER * 
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or equal 

R1 — 2K ohm 1/4W 5% carbon resistor, RadloShack #27 1-1339 

or equal 

*VR1 — 78L05 5 VDC 100 mA voltage regulator, Digi-Key #78LO5ACZ- 
ND or equal 

Misc. — 0.1" male headers, hook-up wire, etc. 


Universal LCD Serial 
Interface — Parts List 


Cl — 47 uF 35 WVDC electrolytic capacitor, RadioShack #272-1027 
or equal 

*CR1 — 4.00 MHz Ceramic Resonator, Digi-Key 4PX400-ND or equal 
*1C1 — Microchip Technolagy PIC 16C54-XT/P microcontroller 
Digl-Key PIC 16C54-XT/P-ND (requires programming) 

POT1 — 10K ohm 15turn potentiometer, RadioShack #271-343 


*The following items are available directly fram Shepard Engineering 
Concepts. A kit of programmed IC], CR1, and VRI are available for 
$15.00 ppd. These prices are for the continental US only. Please make 
payment to: Dennis Shepard, 8315-D Laborough Drive, 
Bakersfield, CA 93311. Payment methods preferred are money orders, 
certified checks, or Western Union. 


they'll occupy memory locations 
17-40, but they won't be displayed 
because the second line of the dis- 
play doesn't start at memory loca- 
tion 17, it starts at memory loca- 
tion 41] That's why I've included 
the line feed command to send the 
cursor to memory location 41. 
This puts you in the first position 
of the second line. 

The carriage return command 
erases all 80 memory locations, 
clears the entire display, and 
moves the cursor to memory loca- 
tion 1. All LCD displays autornati- 
cally increment and display char- 
acters from left to right. The only 
catch — as we discussed earlier — 
is this memory location thing. So 
now, you can use this format with 
any LCD display and manipulate 
the cursor and characters to suit 
your needs. 

Since you already know how 
many characters and lines your 
display will be using, you can send 
one of two commands to position 
your characters where you want 
them. And even overwrite the sec- 
ond line without touching the first! 
I think it's a rather simple solution 
to what others have presented as 
complex in the past. In other 
words, it doesn't have to be com- 
plicated to be useful. 


Long distance for under 
a buck 


No ... we're not selling Phone 
cards! A lot of times it's required 
to send information to be dis- 
played to a remote location. Serial 
standard E1A/TIA RS-232 is 
designed for about 50 feet. 
However, there is an inexpensive 
solution. National Semiconductor 
— among others — makes a 75176 
that is an RS-485 transceiver chip 
and it sells for less than a buck 
apiece! RS-485 is a balanced 
transmission medium that's good 
for over 4,000 feet (over 3/4 of a 
mile!) using a single twisted pair of 
#24 AWG wires. 

Basically, we wanted to 
include this information in case 
you needed it. But, you certainly 
don't have to use it. The circuitry 


In other words, it doesn't 
Nave to be complicated to 
be useful. 
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WHITE LEDs are Here! 


9000 MCO Ultrabright White LED 

Crystal clear lens 5mm T1 3/4 LED lights up with such a bril- _ e 
liant beam that you can't look directly at it. These are factory 

prime LEDs with full length leads. Current 20ma, forward volt- 

age 3.2V lo 4.3¥, min MCD 2000 - maximum 3500 (typical 3000). Viewing angle 15°, 
InGaN white color. As with almost all white LEDs, there is a slight bluish output. 
G12709 $2.49 ea. = 10/§22.95 « 100/§200.00 = 1000/$1850.00 


abeight Bog LD 
Crystal dear fens §mm 71 9/4 LED lights up with such a briliant 
beam thal you can'l look directly at These are factory prime 
LEDs with full length leads. Current 20ma, forward voltage 3.2V to 4.3¥, min MCD 2000 - 
Mmaamum 3500 (typical 3000). Viewing angie 25°. Wavelength= 470nm. 
12702 $2.99 aa.» 10/$21.95 * 100/$190.00 « 1000/81750.00 J 


2500 MCD Ultrabright Rad LED 

Crystal clear lens Smm 71 3/4 LEO light up a brilllent red 
beam. Factory prime LEDs with full length leads. Forward |" 
voltaga 2.1V. Current 20ma. Min MCD 2000 - Maximum 3000 

MCD (typical 2500). Viewing angle 26°. Peak wavelength = 600nm. 
G12704 89¢ ea. « 10/87.00 * 100/$55.00 = 1000/$450.00 


Grandcait Rechargeahis Athaling AA Balterias and Charger 

No! only does the Grandcell Rechargable Alkaline Batienes have 

the high capacity and long shelf lie of primary alkaline batteries, 

but also they have the cas! saving benefits af rechargable batter- 

tes. Each Grandcell battery has a shelf lite af upto 5 years. Unlike 

Ni-Cad batlenes, the Grandoell features a full 1.5¥ inal voltage as compared to 12V tor 
Ni-Cads, The inifial current rang ts 1500mah. Can be recharged in the specal Grandcell 
charger which holds 4 battenes, up to 300 tmes. We preter these aver Ni-Cads and the 
performance results have been amazing. The alkaline mangafiesa technology thal the 
Grandcell batteries use represents a mora environmentally responsible altemative to the 
large volume of single-use cells thal require disposal over the [fe of the clectronic device 
The Grandcell battenes perform best and have the greatest Ite if they are recharged 
belore they are fully discharged. The cumulative capacity is much greater when shallowly 
discharged up Io 300-400 times. The Grandcell battery system thatwe are Selling is brand 
new factory fresh stock. It consists of a4 slot charger (ether 2 or 4 batienes can be 
recharged al a me) and B brand new (Date code DEC 2003) Alkaline AA Grandcell 
battenes. The charger has indicator LEDs ta show when charging 1s complete and “fold in” 
120VAC prongs. The charging time for partially discharged battenes 1s 6 to 8 hours and 
tully discharged batteres take 8 to 14 hours. Remember these baltenes are ready to be 
used as soon as you recerve them, not Ske Ni-Cads. Brand new in sealed blister pack 
Nv7a00 —St+-9S— SALE! $10.95 


Prima Bright Red LEO - 

Theso aro prima T1 (3mm) diffused red lens LEDs which 

igh! up bnght red. Thay are brand new and on tape and 

reel with full length leads. Since they were designed for 

auto insertion they don'| have the usual fiat side or oneé Ge 

shorter lead thal denotes tha cathode. Even though this 

fact doosn’t impact the uso or performance of the LED, it 

did enablo us to buy over a million of these beautes fora 

blowout pneo, and we're passing tho savings on to you. 

Sold in full reels anty. You'll be impressed by the quality at 

thig LED! Liteon par! & LTL-ICHE-012 

12700 1 full reel 1500 pes. 

12701 Factary box af 2 reat (2000 pes)" 
‘leas than a penny per LEO 


Call today for your free catalogi!! 1-800-445-0687 


$19.05 
$29.95 


800-445-0087 er fax Your Orders to: (480) 881-8258 For « Free Catsiog Call: 1-800-445-0697 


www.goldmine-elec.com 
1-800-445-0697 


Complete taser CO Orive A: biy 

These are the main assemblies aut|\( oa 

ofa CD drive. We think they were 

used in audio applications, but we 

aren'l sure. Consists of a sophisti- 

cated SMD and thru hols PC board 

2 very efficent law voltage DC motors, plus various gears, 
Enear slide mechanism and IR laser head assembly Wa 
have no data, hookup specs or any other info. Thesa are 
used and sold “As-Is" only. The nica motors alone are worth 
More than our low price. Overall size is about 3 x 4" x 1.8". 
12761 $200ea, * 10 units / $15.00 


Part # PW G0050 by Lambda 

features +5VDC at 7amps and 

+3.9VDG at 10amps output. In- 

put is 100 to 240VAC 50-60Hz. 

Open frame switching supply wih .156" headers for 
output and input. Size only6"x 3 1/271 1/4". Weighs 
0.82 Ibs. Brand new in manufacturer's box. 

Q12705 «= $12.95 ea, 


High Ootpat 7.20 1100ma 

Lithion jon Battery Pack 

Baltery pack mada for 
Qualcomm® phones features 

two 3.6V 1100ma Lithium lon 
batteries connected in series and at- 
tached to a small circuit board with lots 
of SMD parts. To get !o the batleries 
simply break apart tha case and re- 
move tha balteties. Size of the averall battery pack is 
about 5° x 1 13/16" x 9/4", Size of each intemal 3.6V 
battery is about 2 1/2" long x .70" diameter. Most al tha 
intemal Lithium lon batteries are type CGR18650 by 
Panasonic, but some were also made by Sony. The bat- 
leries ara {resh and most 

are already charged. Outer 

plashe case may have anR NY 
marked on it but the inter- ‘ 
nal batleries are pnme and \ Ms 
Teady to use, 

NV7005 S500/sick SALE! 


Visit us online: 


imine-elec.com 


$4.00/pack 


This Fiaa Copper Mash Praxsupa Sensitive Shlatdiag Tapa 
Made for use in the "Mars Gb- 

server NASA program, this 

high quality 1" wide copper 

mesh tape cost the gavem- 

ment over $30 per roll in large 

quantity fots. Each roll is 1° x 

25 ft. long and fealures a peel off backing thal exposes 
the adhesive on the copper mesh. The unique charac- 
teristic of this copper mesh tapa Is that even though it 
has a very high quality adhesive on ona sida, tha mash 
conducts even through the adhesive. Because of this 
fac, you can cut small 1/8" width strips of this mesh to 
make solar panels out of solar cells without using solder 
lor connections. Of course thera are hundreds ol olhar 
applications including non solder PC board foil trace re- 
pair, shielding, etc. This is one of tha mast uselul items 
we have purchased. Hurry belara we sell out! 

NvToo2 Svoeeaa SALE! S800 ea. 


ELECTROWIC 
GOL DIE 


PO Box &408 Scottsdale, AZ 85261 www.goldmine-elec.com i 
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:1003FOOOFFOFFFOFFFOFFFOFFFOFFFOFFFOFOQOAS 1 
:080400000FO00FOOOFO00FOOBE 

:02 | FFECOF9OFD9 

:00000001FF 


. 


shown in the schematic uses two 75176s ... one 
set up as a transmitter and the other as a 


i back to TTL levels at the other end. And, of 
| course, you could tie a RS-232 chip, such as a 


receiver. The data is simply converted from TTL | MAX 232 from Maxim, to change to and from 


level to RS485 ... transmitted ... and converted 
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RS-232 in the process, should you need that as 
well. Lots of options, but better too many than 
not enough! 


The circuitry itself 


There are two standard configurations for 
interfacing an LCD module. Manufacturers 
either use a single row of 14 or 16 connections 
or sometimes use a double row of eight connec- 
tions. Because the pinout configuration and the 
location varies from manufacturer to manufac: 
turer, it didn't seem prudent to design a PCB 
that may or not work with your display. But we 
are going to cover the pinouts, which are uni- 
versally accepted. They are: 


Function 

Ground 

+ Power Supply 
Contrast Adjust 
Register Select line 
Read/Write line 
Enable line 

Data Bus 0 

Data Bus 1 

Data Bus 2 

Data Bus 3 

Data Bus 4 

Data Bus 5 

Data Bus 6 

Data Bus 7 
Backlight Anode 
(if applicable) 
Backlight Cathode 
(If applicable) 


The actual circuitry is pretty straightfor- 
ward. A PIC 16C54 converts from serial to 
parallel data format and handles all control 
line functions and the LCD madule's initializa- 
tion, as well. A potentiometer is used to adjust 
the LCD contrast. If you've got a backlight 
LCD, pins 15 and 16 supply the power to that 
function. Typically, a 22-ohm resistor is used 
to limit current, but you might want to check 
with the manufacturer of your particular unit 


for their recommendation. 


The 22-ohm resistor is shown with dashed 
lines on the schematic. It's an optional com- 
ponent since it isn't needed on non-backlit 


LCD displays. A 22K resistor is 
used in series with the input to 
interface directly to RS-232 cir- 
cuits. 

The internal diodes, which 
protect the inputs of the PIC, will 
clamp the input voltage to 
around 5 VDC and this resistor 
will limit the current, thus protect- 
ing the PIC itself. Since we've 
already covered the operational 
sequence on Startup in the initial- 
ization procedure previously, 
there's no need to repeat it again. 


Wrapping it up 


| hope you're going to have 
as much fun with this as | did! | 
evaluated two different modules 
for this project and | consider 
both of them a good value for 
the money. | can't guarantee their 
availability although both suppli- 
ers indicated that they expected 
an ample supply to be available 
for a while. 

All Electronics in Los 
Angeles, CA (1-800-826-5432) 
has a 16 character x two line 
LCD module (part #LCD-53) with 
backlight which is available for 
only $7.50. This module uses a 
16pin SIP layout and works well 
with the 22-ohm resistor shown 
in the schematic. But remember, 
although a backlit display lets 
you see at night, it also con- 
sumes more power, so it might 
hot be your best application for 
battery-operated equipment 

MPJA in Lake Park, FL (1- 
800-652-6733) has a 24 charac- 
ter x two line LCD module (part 
#12856-OP) which is available for 
only $8.95. This display uses an 
Optrex DMC24227 and uses the 
double row 2 x 8 pin connector, 
even though it doesn't use pins 
15 and 16 since it's not a backlit 
display. A ribbon cable is proba- 
bly a good option for interfacing 
ta this display, while a 16-pin SIP 
header is probably best for the 
other unit. | think you'll be happy 
with either display, depending on 
what your requirements are. 

A pragrammed PIC is avail- 
able for $15.00 and includes a 4 
MHz ceramic resonator and a 
78L05 voltage regulator. Please 
remember that the regulator is 
only rated far 100 mA output 
current so It's probably not going 
to supply enough current for 
both the electronics and the 


backlighting, if required. Please keep that in 
mind when interfacing to your project. A 7805 
voltage regulator is rated for 1.5 amperes 
(with a heatsink) so it might be a better 
choice for backlit displays. 

Once again, | hope I've taken some of the 
mystery out of LCD displays and how useful 
they can be to your own projects. I've got sev- 
eral projects in the works that will make use 
of serially interfaced LCD displays. Because of 
this, | decided a little intraduction would be 
helpful and whet your appetite for bigger and 
better things yet to come. 

Enjoy ... NV 


Stay tuned for more 
articles from Dennis 
which use LCD modules, 


including an Energy 
Monitoring System and 
a 20-channel Digital 
Wire Tracer. 


Tired of Expensive Inkjet Cartridges? 


0, oe 
Save 90% on Inkjet : 
Refill kits Black (8 oz) Color (4 oz C, Y, M) # of Refills |) Cost/Refill i 


HP500 Series, 400, Officejet 300, 350, Fax 7 14 
HP600 Series, Officajet 500, 570, 600, 610 630, 700 7 14 
HP820C, 855C, 870C, 1000C, 1150C, Copier 120, 210 6 12 
HP720C, 722C, 712C, 880C, 890C, B95C, 1120C, 1170C 6 12 
HPSOOC Series, P1000 Series, Officejet G55, G85, G95 6 12 
HP2000C Pro Color Printer, 2200, 2500 6 12 


Canon BJ-10, 200, 210, 240, 250 Apple StyleWriter 1200,1500 14 20 
Canon BJC-4060 Series, 2000, 5000 Series, Multipass Series 60 60 
Canon BJC-6000, 3000, S400, $450, S600, Multipass 755 14 8 
Epson Stylus Color 500, 200 20 17 
Epson Stylus Color 400, 600, 800, 850, 1520, Photo 20 17 
Epson Stylus Color 440, 660, 670, 740, 760, 860 20 17 
Epson Stylus Color 480, 580, 840 NEW 20 17 
Lexmark 3200, 5700, 211, 212, Z31, 232, 15 17 
Compaq 1J300, 1J600, !J700, 13750, IJ900 Xerox XJ8C 15 17 
Lexmark 242, 251, 752, 283, Compaq IJ1200, A1000 NEW = 15 17 
Lexmark Photo kit for 3200, 5700, 7000, 7200, 242, 251, Z52 9 
Lexmark 2030, 2050, Execjet Il/llc, Medley 4C, Compaq IJ200 10 17 
Xerox HC 450, XJ4C, XJEC 22 12 
New Combination Kits Black dye 4 oz / Color 2 oz each 
New Combination Kits Black pigmented 4 oz / Color 2 oz each 


Save 30 - 60% on New Compatible Cartridges 
Quantity Discounts for 3 or 6+ cartridges Mix and match 


Printer OLOR Cartridge 

Call for Others Not Listed! Qty 1/3 / G+ 41/31 6+ 
Canon BJC-4000 Series, 2000, 5000 Series, Multipass Series 4.50 / 3.83 / 3.69 10.95/ 9.31 | 8.98 
Canon BJC-8000, 3000, $400, S450, S600, Multipass 755 7.95 {| 6.76 7] 6.52 7.50/ 6.38 / 6.15 


Canon BJC-70, 80, 85 (3 pack Black / 3 pack color) 9.95 / 8.46 / 8.16 14.95 112.71 112.26 
Epson Stylus Color, Color Pro, Pro XL 9.95 / 8.46 / 8.16 13.95 / 11.86 / 11.44 
Epson Stylus Color Il, Ils, 200 9.95 | 8.46 7 8.16 13.95 | 11.86 / 11.44 
Epson Stylus Color 400, 500, 600, 800, 850, 1520, Phota 9.95 | 8.46 / 8.16 13.95 | 11.86 / 11.44 
Epson Stylus Color 440, 660, 670, 740, 760, 860 9.95 / 8.46 / 8.16 13.95 / 11.86 / 11.44 
Epson Stylus Color 750, 900, 980, 1200 10.95/ 9.31 / 8.98 15.95 / 13.51 / 13.08 


Epson Stylus Color 480, 580, 880 NEW 10.95/ 9.31 / 8.98 
Epson Stylus Color 777, 870, 875, 1270 Requires Empty Return 1/ 11.95 / 11.95 / 11.95 


14.95 {12.71 112.26 
15.95 /15.95/ 15.95 


New Combination Black / Color Kits 
4 oz black dye / 20zC,M.Y colar - $44.95 
4 oz black pigmented / 2 oz C,M.Y - $49.95 


Mon - Fri 8:30-5:30 PDT 11:30-8:30 EST 
Call or see us online! 


1-800-447-3469 


(480) 668-0959 


www.inkjetsw.com 
(480) 668-1069 Fax 


Circle 474 on the Aaadar Sarvice Card. 
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by Stanley York 


eee Ss menth, we're going to 
tace a break frem ail the 
theory and techr'cal stuff. 
We're gaing to start a con- 
struction preject that | promised 
you earler, The project is fer a light 
shew that ycu can use with a 
HeNe laser cr a ded acer pcinter. 
There wi! be a few cptcnal add- 
crs ‘or ths eroiect that can be 
but Jater as your tme and budget 
alow 
Frst_ ‘ll brefy describe what 
tre (ght shew i you co, then 
we'll [ck at the deta’s cf a'l the 
bcs ard p eces that make up the 
whole 
The ‘aser can. r2 an, KeNe that 
yCu C3 fick Up at surplus stcres, 
namfests, etc.. cr it cau'd be cre 
cose /aser pe-nters that you see 
a ‘ot cf these days. Edmund 
Scertfic (Barringter, NJ; (690) 
343-1992) kas a gocd selecticn of 
Laser @odes, as we! as the a 
Mee lasers, So you shoud be = 
t2 find something there that aoe 
creak yCur bank Ze prepared tc 
soer.d mere if wea want anything 
cther than the stardard red colcr 
theugh. AMays reer in mr, that 
even though they are smal! and 
batter;-cperated, the ! cairter 
lAtArS are just as dangercus to the 
eyes as rer bgger counterparts. 
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They won't blind you, 
but it will feel as 
though someone 
jabbed a finger in 
your eye. 


Light show 
description 
Audio input 
The basic light 
shew as described 
will alow you to con 
nect your stereo to 
the mirror drivers to 
create weird, non 
repeating pattems on 
a wail or ceiling that 
changes in response 
to the musical con- 
tant Aliernatvely, 
there are inputs to 
allow a function generator ta drive 
the mirrers. This will create steady 
cr slowly changing pattems that 
vary according to the types of 
inputs to the twa channeis. Or you 
cou'd mix the oscilator and music 
inputs to cet really bizarre effects. 
Opticnal ¢quigment will allow 
crev’ar ard epicycic patterns to be 
generated in addition to the pat 
ters corresponding to the audio 
input. Finally, there wil be a chap- 
er system described that will mod- 
ulate the !aser bean to form dat 
zed lines instead of the more famit- 
iar continuous !ines. A!l cf these 
eMects can be operated independ- 
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Figure 4-1 — 
Schematic drawing of 
general-purpose audio 
amplifier. 


Lt! (see tert) 


ently or in unison, making the unit 
very versatile and far from boring. 


If two lasers are used — each a dif- 


ferent color — and mixed going 
into the unit, the results will be 
even more impressive. 


Before we start 


To begin building the light 
show, we will need to gather some 
parts that may be hard to find. 
These are the scanner mirrors used 
to deflect the laser beam. They are 
rather special, and quite expensive 
if you have to buy them new. In my 
system, | used some scanners that | 


4 up to 18VvDi 


Figure 4-2 — Simple power 
supply for light show. V7 


picked up at a surplus store here in 
Orlando, where | live. You should 


shop around in your neighborhood 
to see if there is a surplus store 
near you. The scanners | used were 
made by General Scanning 
(Watertown, MA). 

If you have a hard time finding 
these devices, | will describe a sim. 
ple method whereby you May try 
to make your own. Of course, they 
won't be as good as proper scan. 
ners, but the fun and satisfaction 
with this hobby is making some. 
thing out of nothing, and making it 
work! If you are anything like me, 
you'll take the challenge, and make 
some scanners. 50 get that pio 
neering spirit going. 

The driver amplifier for these 
scanners is shown in Figure 4-} AS 
you can see, it is a very simple cir. 
cuit based on a readily available Ic. 
Nothing is critical about the circuit, 
and you are free to experiment 
with other ICs. 

| chose an LM384 because 
that’s what | had in my parts box, 
but again, nothing is chiseled in 
stone here, so go ahead and exper- 
iment. You may find that the scan. 
ners you end up with may need 
more power {or less), so don’t 
dwell on the schematic. 

You will need two of these 
amplifiers to drive the scanners 
though, so try at least to make the 
two circuits the same, so that you 


get equal laser beam deflection 
characteristics. 

In this drawing, L1 is the scan- 
her coil, and should be made such 
that the coil impedance is similar to 
a loudspeaker. VR1 acts as a vol- 
ume control, and is used to scale 
the size of the projected light pat- 
terns. The input signal may be 
denved from an audio source, a 
signal generator, or both, using 
suitable mixing means on the input 
control circuit (not shown). Nothing 
is critical in this set-up, and you are 
free to experiment. 

A suitable power supply for 
driving the amplifiers is shown in 
Figure 4-2. Again, there is nothing 
critical about this circuit, but keep 
in mind the limitations imposed by 
the amplifiers and scanners you 
intend to use in your set-up. 

Don't use a power supply that 
is too close to the limits of either, 
or you'll be inviting trouble. Make 
sure the transformer can deliver the 
tequired power, and that the diode 
bridge can handle the current. 
Maximum draw on this unit, with 
all the options added, should not 
be more than about 2A. Loud pas- 
sages of music may cause a peak 
current of about 3A; depending on 
how the volume control (VR1) is 
set. DS is a red LED used to indi- 


Figure 4-3 — Details of coil. 


inch 


cate that the power supply is on. 
The resistor R1 should limit the 
LED current to about 15-20mA. 

When using main powered 
equipment, you should 
always use a double- 
pole switch to break 
both lines coming into 
the equipment. Then, if 
the connections at the 
wall socket are mis- 
wired, there is no 
shock hazard when the 
power is turned off 
using the switch. Note 
also, that the fuse is 
first in line. If the fuse 
blows for some reason, 
power is removed from 
the switch. If the situation were 
reversed, and the fuse blows, then 
the switch will still be live. This 
presents a serious shock hazard 
when the fuse is located internally 
to the equipment rather than 
through a chassis fuse holder. So 
play it safe. 


Scanner basics 


If you haven't had an opportu- 
nity to use scanners before, I'll give 
you a bit of information about 
them before we set about making 
some. 


/ 


Figure 4-5 — 
bracket. 


inch 


Coil mounting 
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Imagine if you will a simple 
battery-operated electric motor. 
Imagine a mirror glued to the shaft 
of the motor, such that the mirror 
surface is parallel to the shaft. 

Now imagine the motor rotat- 
ing, and a laser beam directed at 
the shaft. Each time the mirror 
presents the silvered side in the 
general direction of the laser beam, 
the reflected beam will describe an 
arc around the roam that is at 
some angle to the rotating shaft. 

Now imagine what would hap- 
pen if the shaft were fixed at one 
end. The motor would try to turn 
the shaft against the torsion of 
the fixed end. The amount of 
rotation on the shaft would thus 
be dependent on the torsional 
strength of the shaft and the 
strength of the magnetic field 
trying to tum it. This is exactly 
the way scanners of the type | 
use in my system operate. 

Commercial scanners are 
designed with a very thin shaft, 
fixed at one end, and with rotor 
coils similar to a normal motor at 
the other end. When power is 
applied, there is more or less 
turning of the shaft at the end 
where the rotor coils are, 


ty of the shaft and the strength 
of the magnetic field trying to 
tum it. The amount of turning is 
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Figure 4-4 — Scanning 
mirror detail. 


#6-—32 
stee/ 
washer 


thus proportiona! to the current 
strength in the rotor coils. 

Commercial scanners can only 
move through a very limited angu- 
lar motion, but they can be made 
to move very fast, and in an 
upcoming article, 1 will describe 
how they are used in highspeed 
laser engraving applications. 

Okay, that’s how commercially- 
bought scanners work, but we 
can't possibly make anything to 
compare with those. Not on our 
limited resources, anyway. Our 
scanners will be simpler, though 
not as effective. But they will illus- 
trate the principles of scanners and 
light show systems in particular. 


Making the scanners 


As | said before, | happened to 
find some surplus scanners in a 
local store here in Orlando, but for 
those less fortunate, | will describe 
now how we can make a poor 
man’s version of the scanner. You 
will need two of these scanners for 
the project. There are a number of 
ways of doing this, and | will 
describe one simple way. After try- 
ing this, you may find other (per- 
haps better) ways of achieving the 
same thing. 

Figure 4-3 shows a wire spool 
wound with magnet wire that 1s 
used as the deflecting means for 
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our scanner. | wound this with #26 
gauge magnet wire unti! the spool 
was full. When | measured the 
resistance of the cail, it was about 
four ohms. The coil was about 3/4 
inch in diameter and about an inch 
high. 

The strength of the magnet is 
not much at this point, since the 
coil has na core. Ta improve the 
strength, | found a number of 
smail iron nails and cut off the 
heads and jammed them into the 
cpening in the core until | could 
get ro more in. Then | secured 
them with a dab of silicon sealer 
left cver fram a plumbing project. | 
pushed dawn cn the naiis so that 
there was a !ittle (about 1/16") cf 
the nais sticking cut on cne side. 

Turning next to the mirror, ! 
had a mrrrar left aver from another 
project that | had obtained some 
years ago from Edmund Scientific. 
Th’s was a thin mirrer that | had to 
cut in half to reduce weight, and 
stuck a flat washer to the under- 
sos of the mirer on cne cf the 
short sides (see Figure 44). The 
washer is used to pu! the minor 


Figure 4-8 — 
Schematic of 
the laser 
beam optical 
path with the 
optional 
motors. 


toward the magnet in the final 
assembly of the scanner. Use epoxy 
to stick the washer cn. Use a small 
dab, and don’t get any on the tap 
of the washer. Place the washer 
close to the edge on the shart side. 
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the coil so that the core of the coil 
is directly underneath the washer 
glued on the back of the mirror. 
While the silicon sealer is still tacky, 
slide a piece of thin card between 
the core of the coil and the back 


side of the mirror. You shauld try to 
get about 1/16inch space between 
the flat washer and the top of the 
magnetic core when the assembly 
is finished. Figure 4-7 shaws a com- 
pleted scanner assembly. 

Take a look now at Figure 4-8. 
This shows the general layout of 
the various scanners, and the path 
that the laser beam takes on its 
passage through the system. 

In this installation, the laser 
beam is coming in from the left of 
the page. At this point, | have only 
mentioned the two scanners we 
have just finished building. But 
there are two more scanners, con- 
sisting of circular (or square) mir- 
rors epoxied to the end of two 
motor shafts. |'Il discuss these 
more later. If you prefer, you can 
leave out these two 
scanners until you have 
the homemade scan- 
ners working to your 
satisfaction. 

The laser beam 
comes in fram the left 
and strikes the first 
scanner mirror approxi- 
mately in the center of 
the glass. The first scan- 
ner deflects the laser 
beam in a vertical direc- 
tion. The reflected 
beam then strikes the 
second scanner mirror 
approximately in the 
center. This scanner deflects the 
beam in a horizontal direction. 
Note that the two scanners here 
are mounted so that the deflection 
angles are perpendicular. 

With the simple arrangement 
described, it is possible to put the 
laser spot in any position in a 
square area corresponding to the 
four maximum deflection positions 
of the mirrors. If quadrature 
sinewaves (that is sinewaves that 
are 90° out of phase) were deliv- 
ered to the scanner coils, the result- 
ing pattern displayed on a wall or 
ceiling would be a circle. If 
sinewaves of different frequencies 
were delivered instead, the result- 
ing display would be the familiar 
Lissajous patterns. 

On their own, these two scan- 
ners vrould give quite an interest- 
ing display that would not repeat 
or become static if used with 
speech and music inputs to the 
amplifiers, But the addition of two 
more scanners, as depicted in 
Figure 4.8, make the display even 
more interesting, 


Figure 4-6— Seanner 
assembly showing mirror 
mounting scheme. 


Find a scrap of 1/4-inch thick 
Plexiglas and make two of the 
small angle brackets shown in 
Figure 4-5. These will be the scan- 
ner mounting brackets when we're 
done. Use plastic cement or epoxy 
to assemble this part. The dimen- 
sions are not too critical, but you 
need to get the finished height of 
the bracket the same as the height 
of the coil in Figure 4-3. Place a 
couple of dabs of silicon rubber 
sealer on the top edge of the 
Plexiglas block and place the mirror 
on the sealer as shown in Figure 4- 
6. Alternatively, you may find that 
rubber cement works okay too, if 
you build up a few layers. | haven't 
tried it yet. 

Either way, you will need to 
hold the mirror off the surface of 
the Plexiglas, otherwise it won't be 
ab'e to flex when the coil pulls on 
it. When the sealer dries, it acts as 
a spring against the pull of the 
magnet, so that the stronger the 
magnetizing force, the greater is 
the deflection on the mirrar. 

Put a dab of sealer on the base 
of the maunting block and position 


Rotating scanners 


| The two other scanners shown 


oe 4-7 — 
Completed scanner assembly. 


in Figure 4-8 are simply small elec- 
tric motors with mirrors epoxied to 
the end of the shaft. The mirrors 
are purposely not epoxied perpen: 
dicular to the shaft, though, other- 
wise ihe displayed beam will not 
move when the motor is running. 

Get some pieces of mirror 
about an inch across, and put a 
dab of epoxy in the center of the 
back side. Place the mirror on the 
end of the shaft and support it 
while the epoxy sets. Try to get the 
mirror almost perpendicular (a cou- 
ple of degrees off is okay). When 
the epoxy sets, turn the assembly 
over and reinforce the glued jaint 
with more epoxy. (You don’t want 
the mirror to go flying across the 
room do you?) 

With two circular scanners as 


shown, you will be able to create 
circular patterns, and circular pat- 
terns within the main circle. If you 
had a Spirograph™ as a kid, you've 
probably heard of cycloids and 
epicycloids. By running the motors 
at different speeds, the two cireular 
scanners will allow you to create 
similar patterns to those first 
encountered playing with this toy. 

Figure 4-9 shows a suggested 

layout and method of mounting 
everything onto a simple fixture. 
Use 18 AWG aluminum sheet for 
mounting the two scanners, and 
use plastic or rubber “P” clips for 
holding the motors. Rubber works 
good because it has a little ‘give’ to 
it, and will help absorb some of the 
vibration from an out-of-balance 
motor. As shown, the device will 
display images onto the ceiling, but 
can easily be turned around to dis- 
play on a wall, if desired. 

If you want to add one more 
special effect not shown or dis- 
cussed thus far, you may want to 
consider adding another small 
motor with a chopper wheal 
attached to its shaft. This will be a 
simple disk of stiff card or plastic, 
with a series of holes drilled or 
punched equally spaced around the 


edge of the disk. The disk is 
attached to the motor shaft in a 
similar way to the rotary scanners 
discussed before, but this time try 
to get the disk perpendicular to the 
shaft. 

Mount the motor similarly to 
the previous motars, but position it 
such that the laser beam goes 
through one of the holes in the 
disk before striking the first mirror. 
When this motor is stationary, you 
will get a continuous line pattern. 
But when the motor is turning, you 
will get a dotted line pattern. 

As an alternative method of 
making scanners an the cheap, 
consider using an ald set of bass 
speakers. Bass speakers work best 
because they are capable of 
greater linear displacement than 
the scanners described above. The 
usual method is to glue a mirror to 
the side or bottorn of the paper 
cone, but there are better ways of 
attaching the mirror without 
changing the frequency response 
of the speaker. 

All of these scanners and the 
chopper wheel may be run togeth- 
er or independently through pulse 
generators, sinewave generators, 
and audio sources of any kind to 
create an almost inexhaustible vari- 
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ety of patterns and effects. 


Caution 


Finally, | can’t let this article ga 


without a word of caution. 
Whether you use a laser diode 


or a more powerful HeNe laser, the 


fact remains that the light coming 
fram the laser is very intense and 
concentrated, and thereby consti- 
tutes a real danger to the unwary 
eye. The light will damage the reti- 
na of the eye. When using this 
device, or any other device using a 
laser, please, please, please be 
very careful. Especially if your 
audience is unaware, or perhaps 
too young to understand the dan- 
gers of laser light. 

Make sure that the beam falls 
safely away from anyone in your 
audience, and strikes a flat (not 
glassy or shiny) surface, then the 
beam cannot reflect back into their 
faces (or yours). It is easy to be 
complacent when dealing with 
these devices, thinking that they 
are safe because of the low power 
output, but don’t be lulled into a 
false sense of security. You only 
have one set of eyes, and they 
have to last you a lifetime, so don’t 
take any chances. NV 


TYOUR|BUSINESS|OUT OF BUSINESS 


RESTORE LOST al 
// SS 


«> For Anyone Serious About NOT Losing Their Data 
The Ultimate Super Computer at an Off The Shelf Price 


_ AN 


With 10,000 Viruses Hitting the Web Each Month 
) aDUAL DRIVE SYSTEM isa Must. 


| Removable Hard Drives Allows Instant Data 
Recovery and Multi Operating Systems 


For The Power User. 


Be back up 
and running 
within 
MINUTES 
- not hours, 
days or weeks 


Ss 


G Computers 


m 


data again due to a crash, 
virus, power outage, or human error. 


« The ease and convenience af the Dual 
DVD/CO and CD Recorder makes copying 
CD's easier than ever before. 

© If security ts an issue, just uolock and 
remove the drive. Easy Offsite Data Sterage. 

« No one has all the features found on this 
machine regardless af price! 


1 300mm: 80:;, 51 2ignam 


Servet Size Tower 2htavideo 
2 Removable Hard Drives — 
OVO Player & CB Recorder 


2Flopples now with 


1 Year mas Satisfaction Guaranteed - BEST Customer Service 


‘CALL 800-407-1020 


Find aut mare: compu-zilla.com_« Email: salas@campu-zilla.com 


Clrela #68 on ihe Reader Sarvice Card. 


Figure 4-9—Su, 


ested mounting method for the dual 
scanner light show (see text for details). 


This column welcomes your participation. If you have questions, 
comments, or perhaps an idea for a future project, please let me 
know through this column. Any ideas or suggestions are welcome. 
You can email me at stanley.york@attnet. 


RF Data Modules 
= | 


I 

IAM TRANSMITTER 
Small cize: 17.78 x [143mm 
*CMOSITTL input 
«No adjustable components 
eLow Current, 4mA typical, 
*4]8MHz of 433.92MHz OOK 
Simple to inlegrate -simply 

add anlenna, data and power 
Range up to 2501. 
Wide supply range, 2-14Vide 
SAW caruralled - stability 
‘Also available in DIL package 


AM-RTS . $12.10 


_RS232 TRANSCEIVER MODULES 


AM RECEIVER 
eCompact size: 38.1.4.13.7mm 
On-board data recavery. CMOS 
Law current. 2-4mA typical 
e2kHz data ric. CMOS/TTL output 
e$Vde operation 
On 418Milz of 433.92MHz (4x1) 
#No adjustable components 
Patented Lascr Trimmed componcnt 
eHigh stability 
eSensitivity: -105dm 
# Available also in 0.8mA version 


AM-HRR3AN% woscnvovenee $10.95 


bps half duplex 


wire RSH 


face 


= spController with user EEPROM 
aRS232 interface protected to #15LV 


a 


os 
S 


#Data packetizing performed hy uscr 


-15¥ de via DBI connector, 2UmA 


BIM-dxx-RS232 .. $139.30 


(AMM, azacom er 
Nib TECHNOLOGIES a7 weal 


Reveiver.... 


evra eee 


FM TRANSCEIVER 
Only 23 x 33.1 [1mm 

Up to 20k bps data rac 
19200 baud with ASCH 

Up to S00f. range 

$v operation 

1.25mW into 50 

e418 of 433MHz FM 

=Fast Ims enshle 

¢Duret interface 1a SV CMOS. 
*Aulo TX/RX changeover 


BIM-ixx-F $8736 


Up to 19,2001 bps hall duples 

3 wor RS232 interface 

Range up ta S00 

e Transparent data packetunng 
‘Supports § of 9 bul protoval: 

eSelf test functica 

«Reset Switch & Stas LEDs 

0128 wave wire anicnna on bound 

© Available in a Simplea TUR, 
pair. (RTcomTX & RTcomRa) 

#7.5V-15Vde operation 


. RTcom—tcx—___. $17.90 


RTcomTx-dux____ § F7.15 


on RTeomRx-fex_____. $105.52 


Tel: (416}235-3858 
Fax: (416)236-8866 
www.abacom-tech.com 


Se = 


Nuts & Volts Magazine; Serveseam 2601 59 


Cl the ls 


WANTED: ROCKWELL.Collins HF-80 
equipment 851S-1. 237B-3 log penadic. 
Collins tterature. Jim Stringer 805-259- 
2001, 805-259-3830 (fax), bfi-/fs@smart 
Koknet 


_—_» ane 
2.4GHz ATV — 8 channel TRANS- 
MITTERS AND RECEIVERS. 35mW 
Outpet power, | wdeo channel 2 aud'a SMA 
comectert NTSCFAL cormpatthle. Indudes 
114 wave rubber duck anzesna Sundard fre 
Guences are: 2398. 2405. 2412, 2416, 2420, 
24728, 2435. 2442 MHz Custem frequences 
are avalable See ad in chs section for power 
omp'fer. $79/each for transmitter. 
$79feach for receiver. EXATV. Vist 
Our web-tte for dealers cr crder en-Lne at 


were 4arv.com 


1.2GHz ATV — 8 channel TRANS- 
MITTERS and RECEIVERS. 75mv/ 
Output power, | vdeo channel 2 audo. SMA 
cemsemors NTSCPAL com 

1/4 wave rubber duck antenca §: 

quences are 1250, 1255, 1240, 1245. 1270, 
1275, 1280. 1290 MHz. Cis: frequences 
are avalub'e S79Jeach for transmit- 
ter S79jeach for receiver. EZATY. 
Vist oor web-cte for dea'ers er order on- 
lene at weew farecom 


2.4GHz POWER amplifier wah power 
suppy 10-40 mW input, | (one] watt cutpur 
wrth w-tne SMA connecter: and bu't-in 
bear sunk. Aporoe, 27 x 2° x S/B™ te. 


Frequency range 23GHz-25GHz 
S189/each Campanbie with all ATV prod. 
wer Ives, See our webtte for more info on 
ateeisones and transrtmer and receiver 
modsies EZATV Visa our web-site for deal- 
ars of arder on-line at werw.4atv.com 


7% 
- 
| a SK) 


SUPER HIGH GAIN (4 obi flat antenna 
with N or SMA connector tuned for 23-25 
GH2 Ute wrth 2.4GHz ATV 8 channel rrant- 
ter or recewer S179faa. SPECIAL 
PRICE EZATV Var our web-site for dealers 
OF order on-(ne 2¢ www 4atv com 


SATELLITE TV. Complete selection of C 
& Ku band equipment, 
WWW. DAVESWEBSHOP.COM 


YAESU FT-990 S/N 4M400010. pur- 
chased new, used for ane year, includes inter- 
nal DSP. 2 VFOs, Accessories: 1!) MD-I desk 
mike and regular mobile mike: 2) SP-6 exter- 
nal speaker with phone pateh built in; DVS-2 
digital memary recorder. $1.400 plus ship- 
ping and packaging. Price is firm. SEND CER- 
TIRED CHECK INCLUDING ESTIMATED 
$100 SHIPPING & PACKAGING costs 
(EXCESS WILL BE RETURNED PROMPTLY; 
{© NOT ENOUGH. | WILL NOTIFY YOU 
BEFORE SENDING RADIO). Carroll 
Markivee. 71 CEDAR RIDGE, EUREKA, MO 
63025. 636-938-3940 WORKU. 


DRAKE TRJ7 & R7 extender cards. See 
hupi/wewametnet~rsrolfine $63.50. Bob 
WTAVK. w7avk@arrinet or 509-765-4721. 


BATTERIES/ 


CHARGERS 


THE SMART BATTERY CHARGER 
for lead acd or gel cell batteries. Can be feft 
connected to the bacery INDEFINITE- 
LY. will not overcharge! Standard kit is 12V 
@ 1 amp This kit is 100% complete. For the 
kz order #1S0-KIT ar $59.95. For an assem- 
bled and tested unit, order #I5O-ASY at 
$79.95. CA residents add 7.75% sales tax. 
Add $6.50 per unit shipping. MC/VISA 
accepted. ABA Engineering. 2521 W.La Palma 
#K Anaheim, CA 92801. 714-952-2] 14, FAX 
714-952-3280. www.a-aengineering.com 


cB — 
SCANNERS 


SCANNER ANTENNAS: VHF/UHF 
Diseone base antennas $29.95 + S&H. 


HFWHF.UHF super Discone $45.95 + S&H, 
mobile antennas $2495 + S&H. super scan 
duck handhe!d anter.nas $19.95 + S&H. Also 
antersas for amateur, CB. cell. GMRS, MURS, 


na Warehouse, 811 9th Ave. 


Camanche, tA 52730. MC/Visa toll 
free order lin 877-680-7818. 


www.antennawarehouse.com 


cB MODIFICATIONS! Freq- 
uencies, books, kits, high-perfaor- 
mance accessories, plans, repairs, 


SWL TV. Anz 


amplifiers, O-meter conver- 
sions. The best since 1976! 
Catalog $3. CBCI, Box 206S55NV, 
Tucson, AZ as751. 


www.cbcintl.com 


240+ CHANNEL CE/HAMFRSICOM- 
MERCIAL rad.cs: AM/FMSSRICW export! 
deomesoc: RCL TEXK, Motorola, Uniden, 
Cobra, Alrico, Kenacod. Mics, antennas. lin- 
ears, meters, mod books, manuals, schemat- 
its, raght scopes, and tons more stuff! 
Canlog $3. MAXTECH. Box 6626, New 
York, NY 10150. 718-547-6244. woreepenny 
circus. net 


CB RADIO PEPAIR $25 + 
wow nileyselectronics.com 1-688-834-1495, 


pares. 


COMPUTER 


HARDWARE 


HP WETSERVER LXRES60 Xeon 
750MHz rack mount Unused cost orig 
$36K. Make offer. Photo and details on 
wer industrialtwap Com 
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_ 
19” RACKMOUNT ATX PC chassis, 
$149 (with ad). wew.stores.yahoo.com/cti- 
texas, 972-242-8087. 


DEC EQUIPMENT WANTED!!! We 
are buying DEC systems, boards, terminals, 
drives and peripherals. Also Scientific Micro 
Systems (SMS), CMD, Datability, Dilog. DSD, 
EMULEX. other DEC compatibles. Please 
contact us for a quote or fax/email your 
equipment list We buy, sell,and trade. KEY- 
WAYS, INC.. 937-847-2300 or fax 937- 
847-2350 or email buyer@keyways.com 


BRAND NAME Pentium computers 
starting at $50. Call Jerry W2GIA, Disks N 
Daa, 1-800-833-6893) or E-Mail: 
dndcam2@home.com 


VGA TO COMPOSITE (NTSC) VIDEO 
CONVERTER — ULT-2000. Handheld 
Powered from keyboard with S-video and 
RGB outputs, too. 3:1 zoom control with 
many extras. S99fea. Marca, Inc., 
Schaumburg. IL. 1-800-719-9605, 
sales@matco.com or wisivorder on-line at 
www.matco.cam 


DATA ACQUISITION: This very cam- 
pact and low-cost kit will allow virtually any 
PC to be used for quick and easy dat acqui- 
sition and control. It connects to any stan- 
dard parallel printer port. and despite its tiny 
size provides eight analog inputs, four digital 
inputs, and four digital oueputs. 
werw.electronickits.com 


EVERYTHING NEW wiwarranty! Best 
prices. Motherboards with CPU 900MHz 
$195, custom configured systems, modems 
$19. DSL modems $35. multimedia kits, scan- 
ners, monitors, cases, $20. Hard drives sizes 
to 80 gigabytes. 540 megabyte $15. Sound 
adapter $10. Call 714-778-0450. Email: 
ccigsurfside.nct 


JOOMHz SYSTEMS $199. Computers 
from $49, motherboards $20, color printers 
$A5, 1.44/12 floppies, speakers $10. 714- 
778-0450. 


7S5OMHz AMD Duren comput- 
er system. 20 gigabyte hard drive. 
50X CD-ROM drive, 128MB memory, 
64MB video, 4 USB ports, LAN, 56K 
modem/voice/fax, sound, speakers, key- 
board, mouse, ATX case, many FREE 
applications, 2 year warranty! $359. 
S00MHr system, same as above but with 
DYD player. $449! Upgrade your old 
computer. TSOMHz CPU and ATX moth- 
erboard with video/sound/modem/LAN, all 
pores $159! VisalMasterCardiAmex, 
order/details toll free 1-877-882-0431, 
veers sarceare.com 


SONY PLAYSTATION plug-in 
GAME ENHANCER $29 or sol- 
der-In mod-chip $19! Plays backup 
COPY of CD, you do not need to have 
original to play backup! 
Visa/MasterCard/Amex, order, details toll 
free 1-877-882-0431, vrvew.saveware.com 


NewComputer.com COMPARES 
prices and detailed product specifications 
from top online sellers, Visit 
NewComputer.com to save time when 
shopping for new computer equipment. 


MAGNETO OPTICAL drives & 
media. 230M/128M $29.99/$19.99 with 
one piece of media, used 60 day warranty, 
SCSI interface extra media available. Fascer 
and more durable than zip drives. Bootable 
PCI or ISA or VLB or EISA SCSI card $20. 
SCSI cables, terminators and external enclo- 
sures all at great prices! Tape drives and 
ather PC parts and network stuff also in 
stock! Call UTWE @ 626-930-1121 or fax 
626-930-112] of email salos@uowe.com 


COMPUTER 


SOFTWARE 


HLTECH UNDERGROUND 
SECRETS — CDs. Computer/ 
satellite/cable/phone. free energy. mind 
machines, laser listener. anti-gravity 
electromagnetic/electrostatic detectors, 
pain/virus/AIDs killers. ete. 
heep/www.hi-techstuff.com 


KEYSTROKE LOGGER: This new saft- 
ware hides in the background on your com- 
puter allowing you to view what other peo 
ple have been daing on the installed com- 
puter. Great for monitoring the children or 
the wafe. www.spousewatchercam 


gent Cut, Copy and Paste 

extema! 

- Forward design charges Schemas to PCB 

+ Integrated Shape base toR o 
Bea pe based AutcRouter (Oprenal 

> Shape based copper 5 

+ And now veruon 30 


nternal & 


¢ Spat Bower planes 
mary Dew features 1 


Call Ohio Automation (740 596 
www.numberone eae ia 


LIQUIDATION WINDow 

Office suites $10-69. Windows eae 
$5. Windows tutorials $5, Norton Antivi = 
Ghost, Virtual drive $15 714-778-0450. ms. 


FREE!!! CD-ROM and software dak 

alog. MOM ‘N’ POP’S SOFTWARE 
Box 15003-N, Springhill, FL 3460501r> 
352-688-9108. momnpop@gate net ‘ 


CAM & MOTION Z-trace PCB {NC 

toolpath. Plotcam motion contral, www.ddi. 

us.com 321-459-2729. ddt-us@cflrr.com 
Defl.rr. 


$< 
WINDOWS 98 SE S119! Windows 
958 S79! Visa/MasterCard/Amex 
orderidetails toll free |-877-882.043/" 
Wrerw. Savewdare.com . 


Sa Rene 
8” FLOPPIES Hewlett Packard 

double sided, double density, soft Hie 
Equivalent to Maxell MD2-D.1 have 40 boxes 
or 400 diskettes. Catalogs list at about $60 
per box of 10. Would sell entire lot for $200. 
Gerald Koske, 10204 Thayer Rd, Wonder 
Lake, IL 60097-9138. Phone 815-648-4046 
ea a ae 


fessional freeware and shareware.Active and 
passive filter design, 555 designer, linear sim- 
ulators. 


COMPUTER 


EQUIPMENT 
WANTED. __ 


WANTED: FOR historical museum, pre- 
1980 microcomputers, magazines, and sales 
literature. Floyd, VA 24091-0341 (540-763- 
331 1/540-382-2935) 


DEC EQUIPMENT WANTED!!! We 
are buying DEC systems. boards. terminals, 
drives and peripherals. Also Scientific Micro 
Systems (SMS), CMD, Datability, Dilog. DSD, 
EMULEX. other DEC compatibles. Please 
contact us for a quote or fax/email your 
equipment lise We buy. sell, and trade. KEY= 
WAYS, INC., 937-847-2300 or fax 937- 
847-2350 or email buyer@keyways.com 


6809 GIMIX CPU card wanted. Doctor 
Garden 305-653-8000 Office 301. 14900 
NW 2nd Ave., Miami, FL 33169 


EQUIPMENT, 


FEITEK PROVIDES repair. calibranon 
and waceable certifications of rest equip- 
ment. Free estimates. We buy, sell and trade 
all makes of test equipment. Visa and 
MasterCard accepted. Check out our inven- 
tory and specials at WWW-FEITEK.COM 
2752 Walton Road, St Louis. MO 631 14.314- 
423-1770. 


KENTRONIX TEST EQUIPMENT 
SPECIALS. Check our WEB site at 
http:/iwww.kentranix.cam for 
monthly specials. We are also looking to buy 
test equipment, coaxial and waveguide cam- 
ponents, manuals, etc. Contace Brian at 732- 
681-3229 or FAX 732-681-3312. E-Mail: 
bran@kentronix.cam 


—— 
DEC EQUIPMENT WANTED"! We 
are buying DEC systems, boards, terminals, 
drives and penpherais. Also Scienufic Micro 
Sytems (SMS). CMD, Datability, Dilog. BSD. 
EMULEX, ather DEC compatibles. Please 
contact us for a quote ar fax/email your 
equipment list We buy. sel!.and trade. KEY- 
WAYS, INC., 937-847-2300 or fax 937- 
847-2350 or email buyer@keyways.cam 


nen Aaa ite Mille: htaleaii 
TEST EQUIPMENT technicians needed: 
qiibration and repair techs. Three full-ume 
openings. Our company sells, rents. repairs, 
and calibrates HP and Tek We are located in 
Broomfield, Colarado, between Boulder and 
Denver. We perform electronic and physi- 
alfdimensional calibrations. Please send 
resume to irl@calibration.com 


a 
WANTED: RADIO service monitors. 
IFR, Motorola, HP, Marconi. also late model 
HP equipment. 716-763-9104 or fax 716- 
763-037). hetp://wenw.amtronix.com 


oe 
A-COMM ELECTRONICS: we buy and 
sell test equipment. http-//weww.a-comm.cam 
11891 E. 33rd Avenue, Aurora, CO 80010. 
Tel: 303-341-2283, fax 303-341-2293, 


POCKET TESTHENCH, inexpensive 
RS-232 vireual Inserument, with oscilloscope. 
logic analyzer, counter. and generator madles. 
weew.oricomtcch.com 


MODEL 109 pseudo-randam noise and 
arbitrary waveform generator only $289. 
TDL Technology. Inc., www.zianeccom/tdl 


—— 
GIANT DIRECTORY ONLINE: Over 
500 dealers in used test equipment, used 
semiconductor productian equipment, sur- 
plus lasers. optics, vacuum equipment, etc. 
Test equipment auction and rental sites, US 
and foreign dealers, manual dealers, too! 
No registration or cookies. 
www.big-list.com 


POGO PINS — For automated circuit 
board testers. Everett/Charles Tech HPAOT 
& HPA74T65s for 10 cents each, new price 
is aver a dollar each! These are reclaimed in 
excellent condition with no detectable tip 
wear, heavily gold plated and really nice, your 
satisfaction guaranteed. $10 minimum order, 
| pay postage. Send a SASE or email far free 
sample. Carter Cybernetics, 1655 Sherington 
Place Z-206, Newport Beach, CA 92663. 
hitp//www.cartercybernetics.com 


HEWLETT PACKARD rack mount 
power supply model 64338. 0-36VDC and 0- 
10 amps, with coarse and fine voltage and 
current adjustments, full documentation, 
manual, schematics, etc. Gerald Koske, 10204 
Thayer Rd.. Wonder Lake, IL 60097-9138. 
Phone 815-648-4046. $125. 


SENCORE SC-6! oscilloscope. Dual 
trace 60 MHz for TY-VCR servicing. Has reg- 
ular probes, direct probes, demedulator 
Prabe, snoop loop, manual and LCD digital 
readout of V-PP DCV and frequency. 
Original cost $3.200 would sell for $600. 
Has less than 20 hours usage. Gerald Kaske, 
10204 Thayer Rd.. Wonder Lake, IL 60097- 
9138. Phone 815-648-4046. 


CHECK OUR growing line of audio test 
instruments: data sheets, user guides, soft- 
ware. TDL Technology, Inc.. 
weew.zianet.com/rdl 


KUP-L-WELD® IJ Thermocouple 
Welder produces superior weld contacts 
that ensure precise temperature monitoring. 
Features illuminated work area, graduated 
power cantrol, push-huttan power activator, 
internal cooling fan, electronic circuitry, flash 
protection viewing screen, pen-style alliza- 
tor-clamp holder. 8" wide x 13-1/2" deep x 
9” high, weighs 4 Ibs, See our ad an 
Page 23. Burrell Scientific, Inc. 
Pittsburgh, PA. 412-471-2527 or 
email: burrelisci2@aal.cam 


DIGITAL OSCILLOSCOPES. Our 
DSO/frequency counters work with your 
computer, graphic calculator, or Pocket PC. 
Check our our new [4 MSPS model ac 
wwewast-electronics.com or call us at 70+ 
961-9475. 


ALARMLAND.COM SECURITY 
devices for professionals. Motion detectors, 
panels, contacts, CCTV, and more. Fax your 
order to 732-840-1390. 


WIRELESS MICROPHONE. Micro- 
sized. UHF crysral-controlled, easy-to- 
assemble kit. Range up to 3,000 feet 
Excellent sensitivity. $39. VHS, 1370 Trancas 
Street, Suite 201, Napa. CA 94558. Email: 
Vhs |8092@aol.com 


SPECIAL PROJECTS: Wild. weird, 


wacky, wanderful hardware, technical 
coaching, website designs. 
Lone Star Consulting, Inc. 


www.lonestarteknct 


KEYSTROKE LOGGER: This tiny piece 
of hardware installs berween your keyboard 
wire and computer in seconds. Then it logs 
all keystrokes, which you can view at your 
convenience. wew.spousewatcher.com 


SURVEILLANCE-COUNTERSUR- 
VEILLANCE: | buy and sell used equip- 
ment Steve 410-879-4035. 


WWW.COVERTHUG.COM § HR 22 
min DIGITAL RECORDER. Internal 
microphone & speaker. VOX, external micro- 
phone & earphane. Telephone recarding 
coupler. 4x1-3/8x9/16in. Visit website for 
decils. Brochure. $225 + $6 S&H. 
Sheffield Electronics, PO Box 377940, 
Chicago, IL 60637. 773-324-2196. 
sheffield@caverthug.com 


“| 
=| 


THE TEC-8 recards automatically all rele 
phone canversatians up to 12 hrs. on a sin- 
gle tape, $69. The FIX-I detects and 
lacates bugging devices. $69. The TLP-1 
stops others from listening in or recarding 
your telephone conversations, $49%Send 
check to Vakis, 2930 Pine Ave., Niagara Falls, 
NY 14301. Buy wholesale directly from man- 
ufacturers. 


WY, 
9 VOLT IR sensitive B/W high res 
430 TVL camera with optional black 
low-profile swivel adjustable enclosure. Pin 
hole or Std_lens type. 6, 8, and 12mm lens 
are available. 1/3" CCD, 3.6mm/FL0 lens 
included; works from 7.5-13 VDC. highest 
voltage range in marker 0.08 lux. 1.27" x 
1.27" x 0.5"D pinhole or I" deep standard 
$49 each. Enclosure: $8; optional lens: 
$18 Dealers welcome. Mateo. Inc., 
Schaumburg. I 1-800-719-9605, 
sales@matco.com or visit/order orline at 
weew.matco.cam 


ied —— 
Pc MONITOR AS SECURITY 
MONITOR. The VGA-80! accepts stan- 
dard NTSC or PAL inputs for display on any 
existing VGA/SVGA computer monitar. Small 
compact size. Over 600 lines of resolution. 
twice chat of standard TV monitor! $69 
each. Dealers welcome. Matco, Inc., 
Schaumburg. Ik 1-800-719-9605, 
sales@matca.cam or visitforder on-line at 
wwwmatca.com 


40 DAYS and 40 NIGHTS 
RECORDER Time tpse. can be activated 
by either contact closure or canunuous duty 


Operation with standard T-120 tape. 
Models fram $149-$529. Mateo. Ine., 
Schaumburg. a 1-800-719-9605, 
sales@matco.com or visivarder on-line at 
www.matco.com 


approved. 24GHz transmitter & receiver 
with audio! Capable handling total of 4 wire- 
less cameras, range: >300°. Built-in camera, 
400 TV line. S199 per system. 
Additional cameras at $129jeach. Macco, 
Inc., Schaumburg, IL, {-800-719-9605, 


sales@matco.com or visit/order on-line ac 
weew.matco.caom 


QUAD VIDEO CABLE MODULA- 
TOR. CVS-600 inserts 4 composite video 
signals on unused cable channels, 81 thru 95. 
Watch 4 remote security cameras from any 
TV in your home! Built-in signal amplifier and 
comb filter eliminates any ghosting and actu- 
ally IMPROVES existing video! Only one 
unit needed with existing cable system. 
$199/each and S$1G9jeaech in qry. of 4. 
Matco, Inc., Schaumburg. IL. | 800-719-9605, 
sales@matcacom or visivorder on-line at 


‘werew.matco.com 


CCD BULLET CAMERAS H/W & 
COLOR. AX-800 series. weather resistant 
high impact design with swivel brackee Will 
work with Matco’s scanning moter. 3/4" 
diameter x 3" lang apprax. B/W: 400 line/0.2 
lux. S79Jeach. Color. 350 lfines/2 tux, 
$1 19jfeach — price reduction. Matco,Inc., 
Schaumburg. I 1-800-719-9605, 
sales@matco.com or visivorder on-line at 
weew. matco.com 


SECURITY DISTRIBUTORS needed 
for our camplere line of products. Camplete 
line of preduets shawn above. MATCO, Inc. 
Visit weew.smatco.com and all 630-350-0299 
for more info. 


SCANNING MOTOR — A-330SC 
with universal mounting bracket accepts all 
standard 1/4 x 20 threaded CCTV ameras. 
No tile just PAN. 75 degrees of continuous 
mouon with a scan rate of § secands per 
eyde. 110 volt indoor operation, but can be 
adapted for outdoor use. Includes 12 feat 
power cord. Perfect salution co triple your 
effective camera viewing angle! S$39feach, 
or $2S/each in qty. af 4. Sra! sze, 7. 
12°D x 2"H. Matco, tne. Schaumburg. IL i- 
800-719-9605.  sales@matcacam = or 
visivorder on-line at www.matca.cam 


cy 


the 


WEATHER RESISTANT OUTDOOR 
CAMERAS. YWR-700 type. high impact 
tempered glass with stand. Black & whxe 
(430 lines), or color (420+ Ines) zvadable. 
Standard 3.6mm lenses with optonal lenses 
of 6. 8, and 12 mm at $20 extra BSW 
$l19jeach Color $179/each Small 
compact size with sun shield. Mateo, Inc, 
Schaumburg. tL. 1-800-719-9605, 
sales@matco.cam or wsit/order on-line ae 
www.matco.cam 
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Set SS a Soo 


ee 


SEE ELECTRONIC SHOWCASE. page 
49 for other MATCO products, including 
wireless systems. 


= 


s” AND §.5" LCD high detinition 
color monitors w/stcrea. 960 x 240 
Rixels w/brightness and tnt controls. 
Acractve enclosure with builtin speaker. 
Grear for security or general purpose use. 
Beth models have a small compact foor- 
print, with an ultra-bright display, RCA inputs 
NTSC or PAL Special price this month 
only woth regulated power 5249feach. 
Mateo, Inc. Schaumburg, IL. 1-800-719-9605, 
sales @matea.cem or visivorder on-line ar 
werw.matco.com 


VIDEO CONVERTER — ULT-2000. 
Sma'l foct-print. Powered from keyboard 
with S-video and RGB outputs. too. 3:1 
opnenal zoom contre! simuitaneaus outputs 
with many extras. §99]/ea. 
Marco, Inc. Schaureburg, IL 1-600-719-9605, 
mles@matracom aor vistforder onmtine at 
were matco.com 


eesccccesse cone ove tt 


16 CHANNEL MULTIPLEXER. 
Orsplay 4,8, and 16 video cutputs directly on 
a TV or securmy mon:ter. This is the only 
dence which acws full screen display of 
videa on VCR playback (see 40 dzys and 40 
nights recorder). Plenty cf options including 
niung zoom, indwidual gan adustments. ex. 
Price slashed to S849 each — 
Winter special. Mazco. Inc. Schaumburg. 
IL. 1-€60-719-9605, sales @matcacem er 
wiutierder antine at wwematco.com 


14” COLOR — high resolution 
SECURITY MONITOR wi/4 channel 
Switcher. High impact enclosure with 
medem front panel 4 channel video and 
audio switcher. High quality speaker built-in. 
Components purchased separately would 
exceed $560.Winter special. Price slashed to 
$249/each. Marco, Inc. Schaumburg, IL. 1- 
800-719-9605. siles@matcocam = or 
witfarder on-tine at werw.matco.com 


14” B/W high resolution SECURI- 
TY MONITOR. A standard 12” monmor 
4% just toa small for most applications. 
Atractive dark gray enclosure with audio 
and built-m spasker. 75 ohm cermination 
switch for balancing with ail types of CCD 
board cameras and other video inputs. 
S139/each Mateo, inc, Schaumburg. IL. 1- 
800-719-9605.  sales@matcocom ar 
wiorder on-line at www.matcocom 


a 


INFRARED FILTER ELIMINATES 
99.9% OF ALL VISIBLE LIGHT — IR- 
9000.A!l BAW CCD cameras are IR sensitive. 
Place a 25 watt aor less light behind the 3” x 
3” filter, and you will see in the DARK. 
$i8feach. Purchase 2 for $30. 
Matco, Inc, Schaumburg. IL 1-800-719-9605, 
sales@mateo.com or visivorder on-line at 
weew.matco.com 


COLOR — LOW LIGHT 2 LUX 32mm 
x 32mm, 350 TYL with optional enclosure. 
Pinhole and standard lens types available. 
Price reduction, S99fea.Add $10 for encio- 
sure with swivel mount Matco, Inc. 
Schaumburg, IL 1-800-719-9605, 
sales@matco.com or visitfarder on-line at 
wew.matco.com 


wn" 
ULTRA LOW-LIGHT COLOR — 470 
linejO.3 fux camera CNL-I1-C-HR, 
1.5" x 1.57 x 17. 14" CCD baard camera 
with 3/6mm F20 lens. Excellent color rendi- 
tion using Sony chipset. 12 VDC @ 240 mA. 
Optional 6, 8, 12mm lenses. Special 
S179jeach. Matco. Inc., Schaumburg, IL. 1- 
800-719-9605, sales@matco.com = or 
vitivorder on-line at www.matco.com 


SATELLITE 


EQUIPMENT 


FREE BIG dish catalog. Low prices! 
Systems. upgrades, parts, and “4DTV.” 
Skysision, 1010 Frontier Dr. Fergus Falls, MN 
564537. wereskyvition.com Call 1-B00- 
543-3025. 


{Fan 


BEST PRICING on 18" satellite TV sys- 
tem: for home and RV. DISH Network 
DirecTV, multi-room viewing opuons, acces 
tories, more. werwskyzition.com Call I~ 
800-543-3025. 


SATELLITE REPORT: Find all the latest 
in satellite descrambling in this 54-page 
report Lists all the cheapest and reliable 
sources for hacked cards and equiprnent. 
wwrw.electronickuts.com 


SATELLITE TV. Complete selection of C 
& Ku band equipment. 
WWW.DAVESWEBSHOP.COM 
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MILITARY 
SURPLUS 


ELECTRONICS 


DOSIMETERS/RADIATION 
DETECTING KITS. New Canadian military 
surplus, now illegal to import due to recent 
change in Arms Control laws, Ten dosime- 
ters, two chargers, two radiation meters 
wicarrying cases. Single D cell powers charg- 
ers and meters, Survival, nuclear war, nuclear 
power plants. $125 shipped US. Credit cards, 
checks, Dealers/quantities welcome. Steve 
410-879-4035 or Steve@swssec.com 


AUDIO — VIDEO 


ANTIQUE VIDEO TRANSFER SER- 
VICE: transfer any 2” QUADRUPLEX tape. 
Affordable fast! Phone/fax 415-821-7500 or 
415-821-3359. 5001 Diamond Heights Blvd., 
San Francisco, CA 94131-1621. 


PC MONITOR AS SECURITY 
MONITOR. The VGA-801 accepts saan- 
dard NTSC or PAL inputs for display on any 
existing VGA/SVGA computer monitor. Small 
compact size, Over 600 lines of resolution, 
twice that of standard TV monitor! S69 
each. Dealers welcame. Matco, Inc., 
Schaumburg, IL. 1-800-719-9605, 
sales@matco.com or visit/order on-line at 
wwrw.matco.com 


PRO AUDIO recording gear & video edit- 
ing equipment, antique radios, cubes & 
meters. www.bibbrek.cam (regular updates) 
or call Tom 856-222-0636, fax to 856-222- 
0638 for a fresh list. Credit cards welcome. 


SYNC-A-LINK UNIVERSAL video 
syne generators. Phone 918-479-6451, 
Email: ric@ssteleo.com Sync-A-Link, PO 
Box 4, Locust Grave, OK 74352. 


7 
STEREOSCOPER VR 4D gencrator. 
GenCams. 918-479.645/, email: 
etco.com. Syne-A-Link, PO Box 
Grove, OK 74352 USA. 


SPECIAL PROJECTS: Wild, weird, 


wacky, wonderful hardware, technical 
coaching, website designs. 
kone Star Consulting. § Inc. 


www lonestartek nct 


XY CUTTING laser. Lasercamm model 
4000. 24x56" less top caver, software & 
docs. Insurance claim. Smoke damage. Cost 
$100K. More Info on 
wvew.industrialswapcom asking $2K OBO. 
ed4surplus@aol.com 541-791-4411. 


PANASONIC §-VHS VCR model AG- 
6730 ume lapse recorder $275 & 2 digital 
CCD color cameras WV-C1320 $200. 301- 
513-8524. 


CABLE TV 


CABLE CONVERTERS. Brand new 
Viewmaster, Media Tech. Latest technology. 
Blowouc wholesale prices. Guaranteed, 
ready to go. Call for flyer 412-833-0773. 


CABLE PARTS for all makes and 
models, raw boxes at low prices, 
Call 1-888-817-8100. No NY 
sales. www.chipplace.com 
—_———————— 


QUAD VIDEQ CABLE MODULA- 
TOR. CVS-600 inserts 4 color or black & 
white composite video signals on unused 
cable channels, 81 thru 95.Watch 4 remote 
security cameras from any TV in your home! 
Builc-in signal amplifier and comb filter clim- 
inates any = ghosting = and _—_ actually 
IMPROVES existing video! Only one unit 
needed with existing cable system. 
$199each and SIG9feach in qty. of 4. 
Matco, Inc., Schaumburg. IL. | -800-719-9605, 
sales@matco.com or visivorder on-line at 
www.matca.com 


CABLE PARTS & EVERYTHING. 
Parts & accessories. Best prices & quantity 
discounts. WE DON'T SELL BOXES. | -800- 
MODULE.0. 


WANTED: TEKNIKA 6510 cable con- 
verter boxes. 707-928-5528. 
lorrendaro@webty.ner 


CABLE REPORT: This 50 page report 
contains all the latest in how cable systems 
have been compromised. Including cheap and 
reliable sources for test chips and equip- 
ment wew.electronickits.com 


————— 
CABLE PARTS! Computer parts. Call for 
great prices or visit us on the Web: 
HTTPJAWWW.CB-Electronics.com ar all 
1-800-436-8630. 


ae a en eee 
POSITIVE AND negative cable TV filters 
wwweofilters.com 1-800-235-8080. Mike is 
back, give us a call. We can heip in all situa. 
tions. 


oe 
1-800-380-9530. SUPPLYING 3) 
your cable needs. Specializing in wholosale 
pricing on raw unmodified converters. Lar; 0. 
quantities in stack ready to ship. Call for 
manthly specials. 


ap Eneee 
1-800-322-5286. SPECIALIZING 
in raw unmodified converters. We carry all 
manufacturers. Call for wholesale Pricing. 


ov PLUS WHOLESALERS 
www.ovplus.com New unmodified 
860MHz/125 channel converter Features 
channel 3 or 4 switchaole output; HRC. IRC 
standard; audio & video cables included. 
parental control; sleep umer, last channe| 
recall: 4 memory * volume remote conctral. 
Cail for wholesale pricing Se habla espanol, 
DEALERS WANTED. OY PLus: 1. 
877-293-6260 : 


——— es 
CABLE TV converters, brand new [25 ay 
like VMM4000 $49 (10 lot). Original convert. 
ers as law as $29. Warranty. call for bese 
prices, 214-552-0078, 


CABLE BROKER’S is having their final 
blowout of their warehouse. The following 
unmodified equipment is available to other 
brokers and cable companies in 100 lots: 
Zenth STI600 SSOMHz $8 5507 $25, VIP 
$12. Pioneer 6310 $40. 6114 325.V5S8 $45 
2224SP, 2254 $80. SA 8580 7 button, 8570 
$25, 8600 $40. You must Prepay shipping on 
all orders $175, Se hablan espanol. Call 1. 
800-219-8618. 


oo 
CABLE PARTS for all makes and models, 
computer software, assembly & engineering. 
pares and accessories. Best prices & quantity 
discounts. NO CALIFORNIA SALES. 
http://www-angellire.com/movieshestchips/i 


odex.hun 
—————— 


TELEPHONE/FAX 


PHONE MANAGER: This unit looks 
evacty like a Caller ID, except it records 
time, date, and length of all ourgoing alls. 
www.spousewatcher.com 


CASH PAID FOR i€s. Military or cam- 
mercial integrated circuits, transistors, 
diodes, an semiconductors. 
ELECTRONIC SURPLUS, INC.. 5363 
Broadway, Cleveland, OH 44127. 216-441- 
8500 or fax 216-441-8503, since 1946. 
wwrw.electronicsurplus.com 


RF TRANSISTORS, TUBES. 
TEFLON WIRE, SILVER MICA 
CAPS. 28C2290, 28C2879, SD1446, 
MRF45S, MRF454, 2S8C1969, 25C2166, 
28B754, TA7222AP. 2SC2086, TA7222AP, 
MRF247, MRF3I7, SAV7. etc.. 4CX250B, 
ACXIGQO0A, 4CX1500B, 3CX400A7/8874, 
3CXION0A7, 4CX400A, 572B, etc. Teflon 
wire specials 1,000 fe 16 gauge 15 cents fr. 
1,000 fr 19 gauge .14 cents fr, silver mica 
caps, resistors, see our catalog for other 
products. Westgate |-800-213-4563. 


MATCO WILL design, engineer, and 
develop a 2.4GHz wireless 8 channel salu- 
den far your remote applications. FCC 
approved. Macco, Inc., Schaumburg, IL | -800- 
719-9605. E-Mail: nsales@mat-co.com Web 
site weew.mat-co.com 


oo 
ELECTRONIC COMPONENTS. kits. 
test equipment, books, tools, and 
supplies for hams, hobbyists, and busi- 
nesses, Many hard-to-find items like variable 
capacitors, vernier dials and drives, coil 
forms, magnet wire, toraids. more. 
www.oselectronics.com 


WANT TO Buy. ICs. military & aircraft 
relays, diodes, transistors, connectors, anta- 
lum capacitors, electranic test equipment & 
mast components. Hofly Electronic Enc, E- 
Mail: Hoffiel 16S@aol.com 818-718-/ 165. 
FAX 818-341-5506. 


ee 
PELTIER INFORMATION DIREC- 
TORY ONLINE: Informauon site on 
Peltier devices (thermoelectric 
coaler/heater/generacor modules). Tips, 
Manufaeurers, surplus sources, etc. Free. No 
registration. www.peltier-info.com 


pl , 
TUBES GALORE for sale. Send SASE for 
list AE. Also sockets. connectors, Collins 
plugs, ballast, and time delay tubes. VWwanced: 
tube socket extenders, Cineh-Jones connec- 
tors, miliary connectors. sockets, hi-hi-volt- 
age ceramic capacitors, vernier drives. 
Typetronics, PO box 8873, Ft Lauderdale, FL 
33310-8873. Phone 954-583-1340, fax 954- 
383-0777. Fred Schmide NATT. 


MICROCON- 


TROLLERS 


ATMEL 89CXXXX programmer, IBM 
Parailel port, C+* source code, schematics. 
$250 + S/H. hetp://members.aol.com/ 
HawallanCompucer 


Mie 
a 


PIC & ATMEL PROGRAMMERS 
trom $15.95 and $29.95! Visit www.clectron 
lexl23.com for camplete details. Amazon 
Electronics, Ine. Tall free |-€88-549-3749. 


ronics, 11¢ 1 
PIC PROGRAMMERS: Scveral different 
programmer kits that you can build yourself 
all tha most popular PIC and Aumel chips. 


Weweleceronickits.com 


ANTIQUE 


ELECTRONICS 


WANTED: FOR historical museum, pre- 
1980 microcomputers, magazines, and sales 
literature. Flayd, VA 24091-0341 (540-763- 
33! 1/540-382-2935). 


WESTERN ELECTRIC wanted: 1920s- 
1960s. Amplifiers, mixers, pre-amps, speak- 
ers, tubes, etc. FREE OFFER 1-800-251-5454. 


DEC EQUIPMENT WANTED!!! We 
are buying DEC systems, boards, terminals, 
drives and peripherals. Also Scientific Micro 
Systems (SMS). CMD. Darability, Dilog, DSD. 
EMULEX, ather DEC compatibles. Please 
contact us for a quote or fax/email your 
equipment list. We buy, sell,and trade. KEY- 
WAYS, INC., 937-847-2300 ar fax 937- 
847-2350 or email buyer@keyways.cam 


AVIATION 
ELECTRONICS 


BUY-SELL-TRADE avionics and avionics 
test equipment IFR, Collins, King. Bendix, 
Litton, Sperry, others.Wire markers Kingsley, 
Eubanks pilot static sets, Setra, tools Deutch, 
Daniels, Scorsby, tile, balancers. 
werw, nicsplus.net, sille2k@yahoo.com 
Fax 941-625-0494, Ph. 941-625-3222 


KUP-L-WELD® II Thermocouple 
Welder produces superior weld contacts 
that ensure precise temperature monitoring. 
Features illuminated work area, graduated 
power control, push-button power activator, 
internal cooling fan, electronic circuitry, flash 
protection viewing screen, pen-style alliga- 
tor-clamp holder. 8” wide x 13-1/2" deep x 
9° high, weighs 4 Ibs. See our ad on 
page 23. Burrell Sclentifie, inc, 
Pittsburgh. PA. 412-47(-25£27 or 
email: burrellsciz@aol.com 


THERMOCOUPLE 
WELDER 


KUP-L-WELD® Il Thermocouple 
Welder produces superior weld contacts 
that ensure precise temperature monitoring. 
Features illuminated work area, graduated 
power control, push-button power activator, 
internal cooling fan, electronic circuitry, flash 
protection viewing screen, pen-style alliga- 
tor-clamp holder. 8" wide x 13-1/2" deep x 
9” high, weighs 4 lbs. See our ad on 
page 23. Burrell Scientific, Inc. 
Pittsburgh, PA. 412-471-2527 or 
email: burrells¢!2@aol.com 


PUBLICATIONS 


BASIC STAMP 2 users:"Inside the BASIC 
Stamp II" tells how the PBASIC interpreter 
works, how cade is stored in EEPROM, haw 
to optimize code far space and speed. 160 
pages, 50 illustrations, many examples. See 
http://members.aol.com/stamp2book Send 
$29.95 check or money order (US funds) to 
Brian Forbes, PMB 326, 19672 Stevens Creek 
Boulevard, Cupertino, CA 95014-2465. 


WWW.COVERTBUG.COM SUR- 
VEILLANCE DESIGN BOOK. 1/7 


productian schematics, all types of transmit- 


ters. Room, telephone, battery, and mains 
powered. Countersurveillance chapter with 
equipment. Visit website for details. 
Brochure. $40 + $6 S&H. Sheffield 
Electronics, PO Box — 377940, 
Chicago, IL 60637, 773-324-2196. 
sheffield@caverthug.com 


“The Nuts & Volts 
of Basic Stamps” 
Now Available at 
www.nutsvolts.com 
or call toll free 
1-800-783-4624 


See Ad 
On Page 4 


ROBOTICS 


ROBOT BOOKS.COM visit our web 
site for reviews of robodcs books, plus rabot 
kits, toys, movies, and magazines! 


www.cabotbooks.cam 


ARobot KIT from Arrick Robotics uses 
the BASIC Stamp II. Quality metal construc- 
tion. Easy to assemble and very expandable. 
$235. http://www. rabatics.com/arobot 


EASY AC. Preprogrammed PIC accepts 
standard RC pulses and sends control signals 
to moter controller for direction and pro- 
portional speed control. Single channel or 
dual channel with mixing available. Info: 570- 
7435-5053. hetpu/divelec.tripod.cam email: 
carlk3jml@bigfoorcom 


MOTOR CONTROLLERS, PWM, 12V, 
24V, 435A, many features from $40 
plus S&H. Info: 570-735-5053. Details: 
hetpidivelec.cripod.com Tall free orders 
(only) | -888-3 14-6998. 


ROBOT KITS: Over 30 complete robot 
kits from beginner to advanced at 
wew.electronickits.com 


THE MBOB robot base fram Tekwild 
Robotics is compact and powerful. Can carry 
a 10 pound payload. 8 versions ta choose 
from. Visit our website for more info. 
$149.95, www.tekwild.com 512-447-6476. 


MOBILE ROBOT PLATFORM. Been 
wanting to build a powerful robot but don’t 
knaw where to scart? This platform kit is 
the answer. Includes chassis components, 2 
worm-gear two-speed high-torque motors, 
large &° drive wheels, and custom 6” rear 
idler assembly. Only $239 plus S&H. 
Denails: <hetpJiwww.kadtronix.com>. 
(Menon this ad for 10% discounc) 


NEW — COPROCESSORS and con- 


troller boards for small bots, PIC singleboard 
computers and other prototyping compo- 
nents. wew.oricamtech.com 


ROBODYSSEY SYSTEMS, LLC, Mobile 
Robotics. Robodyssey™ Systems, LLC has 
three new mobile raboti¢cs placfarms — built 
to last, laser cut anodized aluminum; drilled 
and tapped mounting points require minimal 
hardware; control methods include Samp™, 
tether, or analog. Designed to meet require- 
ments of RobotMelee™ (see 
http:v/idpeln.home.neteam.cam), IEEE 
MicraMouse, F-180 Small Size RabaCup, 
Trinity College Fire Fighting Home Robat, or 
Beam. Conract sales@rabodyssey.cam 
www.rabadyssey.com 
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pBREAK BREAKGUT board far paral- 
lel and game ports. Extensive tutorials. 
htrp:fveww.cncKITS.cam 


AFFORDABLE 
CNC MACHINES 


Simple to Use 


Run From 
Any Version 
of Windows») 


www.flashcutenc.com 


Automated Machine Tools to Produce 
+ Panels + Chassis/Housings 
+ PCB Prototypes + Any 3D Part 


FLA UT CNE tin 


1263 E] Camino Real, Menla Park, CA 94025 
4949 St Elma Avenue, Bethesda, MD 20814 
Tel 888-883-5274 Fax 650-853-1405 


PLANS — KITS — 
SCHEMATICS 
ELECTRONIC KITS: Hundreds of elec- 


tronic kits and projects. Where else except 
wwrw.electronickits.com 


FUN KITS, remote contral, motor con- 
trollers, PIC experimenter boards. Quality 


guaranteed. Secure online ordering. 
www.dirkits.com 
WWW.COVERTBUG.COM SUR- 


VEILLANCE TRANSMITTERS using 
all RadioShack’s numbered parts are easy to 
build with our kie type plans. Three roam, 
two telephone transmitters for che FM band 
and above. $7. No personal checks. 
Sheffield Electronles, PO Box 377940, 
Chicago, IL 60637. 773-324-2196. 
sheffield@covertbug.com 


ISA DIGITAL/ANALOG BOARD. 
Great for experimenters, designers, stu- 
denes. 27 digital VO lines, eight O-bit AD 
inputs, one with mike preamp, wo &-bit DA 
outputs, ane with power amp, buffered dara, 
address and control lines, plus 3 spare 
selects for expansion. Bare board only $20, 
kits and assembled available. More informa- 
tion and FREE control and embedded uto- 
rial at weww,learn-c.com 


‘MOBILE ROBOT PLANS. Want to 


build a powerful radio-controlled mobile 
robot? These plans explain how. Includes 
deseripdans and photas. Also includes con- 
troller schematic, parts fist, and BASIC 
Stamp source code. Only $29, 
<hrepJivwww kaderanix.com/>. 


MISCELLANEOUS 


ELECTRONICS FOR 


HARD-TO-find parts: PTV screens. mod- 
ules, chassis, flybacks, cuners, tubes, for all 
brands. Manuals. 478-272-6561. Scarborough 
TY, 1422 Old Arver Road, East Dublin. GA 
31027. scarboroughs: 


Cf ———aas = ees eee Oe 


HIGH QUALITY TOOLS AND 
STAINLESS STEEL HARDWARE. 
European and American screw- 
drivers, nutdrivers, pliers, hex- 
keys, balldrivers, and moret 
Wiha, Bondhus, and Knipex. 
Stainless cap screws, machine 
screws, nuts, washers, U-bolts, 
and eyes. Free catalog. Robert 
Mink import-Export, Box 6437V, 
Fair Haven, NJ 07704. Telephone 
or fax 732-758-8388. E-Mall: 
witvitcompuserve.com 


we 


SOLAR-POWERED FAN HAT. 
Baseball type har with solar powered fan. 
Great for sports fans, guifers, etc Available in 
red or blue. $19 plus $2.00 shipping. CA res- 
idents add 7.75% sales Tay, 
Vis/MCiDisdAmex OK HT. Orr 
Computer Supplies. 249 Juanita Way, 
Placenta. CA 92670. 714-528-9822. |-800- 
377-2023. FAX 714-993-6216. 


Crim Cen 
= Asto TX Ecchle 


RS232 ~Extension Cords~ 


Up to 115.2 Kbps, 4000 ft ++ 
Large Multidrop Networks. 
Isolated Units. Smart Units 

Remote Relay ~Extensian Cords” 


Call the RSHSS Wizards at 
(513) 874-4796 


RES = R-E.Smith 


sww.ors4t85.com 


FOR SALE Tranemissien Equpment. (2) 
2.4 mexer channel master send'receive dish 
with Prodiin nonpenetrating mount. (2) 8 
watt transmitters, Sierra Com wio con- 
trollar. (2) 18 meter channel master dish 
wichannel master (Baird) Nan-penetrating 
mount. (2) sky data RF hoods wiIFL boxes 4 
wars each (1) 24 meter Prodin dish wio 
mount. Contacr Bob Newstead 480-948. 
0584 or Morris Score 602-307-0120. 
Equipmenc located in Scousdale, AZ. Buyer 
retponuble far removal. 


ANAHEIM WIRE PRODUCTS. Dis- 
TRIBUTOR OF ELECTRICAL WIRE 
AND CABLE since 1973. Items available 
from our stock: Hook up wire, Autometive 
prmary wire, GXL, SXL. Plenum cable, Teflon 
ware, Muld-conductor cable, Irraduted PVC, 
SO-CORD, Mi-Spec wire, Building wire, 
Welding cable, Batiery cable Teiephane wire, 
Srrink usbing, Cable ties, Connectors. Wire 
cut & scp to tpecs. If incarested, please call 
§-900-626-7540, FAX: 714-563-8109. 
View MC Amex. SEE US ON THE INTER- 
NET. hapiwewwanahaimwire com OR E- 
Mai nfo anahesmwire.com 


SEES 
FOR SALE Heathkit. other cett and audio 
@qupment and miscallaneout. 36 items. 
LSASE for detailed list Richard Flaws, 212 
Mondow Drive. Oswagn. IL 60543-8408 


OO 
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Computer Desktop 
Encyclopedia 
Online Now at 
wuw.nutsvolts.com 


Far Experts and Novices — The 
Encyclopedia contains more than 
15,000 definitions, illustrations, pho- 
fos, charts and diagrams, and covers 
the field from micro to mainframe. 


Twenty Years in the Making — 
Starting as The Camputer Glossary in 
1980, the Encydopedia is the longest- 
Tunning computer dictionary. Edited 
by Alan Freedman, noted computer 
lexicographer with 40 years of exper- 
ence in the industry, the Encyclopedia 
is the most comprehensive reference 
af its kind. 


NUCLEAR ELECTRONICS (NIM. 
CAMAC), PMTs, opties, high vacuum, and 
high voltage components and equipment. 
Guaranteed quality at reasonable cost. OE 
Technologies, Bex 703, La Madera, NM 
B7539. Ph: $05-583-2482, Fax: 505-583-9190, 


E-Mail: oetech@newmexico.com heep:// 
‘wew.cetech.com 


MISCELLANEOUS 


ELECTRONICS 
WANTED 


BEC EQUIPMENT WANTED!!! We 
are buying DEC systems, boards, terminals, 
drives and peripherals. Also Scientific Micro 
Systems (SMS), CMD, Databiliry, Dilog. DSD, 
EMULEX, other DEC compatbles. Please 
contact us for a quote or fax/email your 
equipment list. We buy, sell. and trade. KEY- 
WAYS, INC.. 937-847-2300 or fax 937- 
647-2350 or email buyer@keyways.com 


WANTED: TUBES, radios, transmitters, 
receivers, gyros, bearings, connectors, relays. 
lamps, synchros. Hyness Company, 705B 
Debir Road, Monroe Twp. NJ 08831. Phone: 
609-395-1116, FAX 609-395-1117. 


WANTED: BALANCING machines & 
vibration analyzing equipment manufactured 
by the following: Spectral Dynamics. 
Hofmann, Bentley Nevada, Schenck, IRD 
Mechanalysis, Gishom. Contact Mike Park at 
ET. Balancing. 12823 Athens Way, Los 
Angeles, CA 90061. 310-538-9738, FAX: 310- 
538-8273. 


CASH PAID FOR [€s. Miliary or com- 
mercial integrated circuits, transistars, 
diodes, any semiconductors. 
ELECTRONIC SURPLUS, INC, 5363 
Broadway, Cleveland. OH 44127. 216-441- 
8500 or fax 216-441-8503, since 1946. 


wes etectronicsurplus.com 


WANTED: EXCESS ELECTRONIC 
COMPGNENTS, BOARD-LEVEL 
COMPONENTS; MILITARY COM- 
PONENTS; Ics, MEMORY, TRAN- 
SISTORS, DIODES, CAPS, RELAYS, 
ETC. CALL LPS £62-439-245]3 
FAX 562-429-0452. 


WESTERN ELECTRIC wanted: 1920s- 
1960s. Amplifiers, mixers, pre-amp, speak- 
ers, tubes, ete, FREE OFFER |-800-251-5454. 


BBS & ONLINE 


SERVICES 


WWW.8LINERS.COM YOUR Cherry 
Master & 8 liners website. 


MAGICIAN IS available to solve your RF 
Seal 1 will teach you in my laboratory 

jaw to do It Young engineers and techni- 
clans are welcome. SMT prototyping up to 
3GHz for customers. Minaret Radio, John 
Horvath ph: 909-943-3676. 


BUSINESS 
OPPORTUNITIES 


AFFILIATES WANTED: I! you have a 
website you can carn a 10% commission for 
every person that you refer to our site. 
See complece derails at 
Weew.spousewatcher.com 


REPAIRS — 
SERVICES 


(E)EPROM PROGRAMMING donc 
quickly and economically. One day turn 
around typical. Simple copy $3 per device. 
Also prototyping. design, and consulting ser- 
vices available. Call or send SASE to: Luzer 
Electronics, 4023 North 
Bayber Wichita, KS 67226. 
316-687-2127, FAX 316-687- 
3103. 


CIRCUIT BOARDS for projects, proto- 
types, short runs. From your artwork. Low 
rates. Atlas Circuits 704-735-3943. 
www pebartlas.com 


SPECIAL PROJECTS: Wild. weird, 


wacky. wonderful hardware, technical 
coaching, website designs. 
Lonc Star Consulting, Inc. 


www lonestartek net 


MECH ENGINEERING CONSULT- 
ING: machine design & packaging from can- 
ceptual to manufacturing: detailing, bill of 
mat'l, part procurement, & proto build. GSC, 
MECHANICAL ENGINEERING 
SERVICES 508-339-7837 or email: 
SECGSC@aol.cam. (Ask for Greg.) 


WELD ALUMINUM WITH 
PROPANE! EZ. INEXPENSIVE, STRONG, 
DETAILS: WEEKS, 36 CAROLINA ST., TAY- 
LORS, SC 29687. | -800-547-WELD(9353) 
FAX 864-244-6349. http/fwww.durafbccam 


Choose a category for your 
ad from these classifications. 


10 Ham Gear 
20 Barreries/Chargers 
30. CB/Scanners 
40. Music & Accessories 
50. Computer Hardware 
60. Computer Software 
70. Computer Equipment Wanted 
80. Test Equipment 
8S. Security 
490. Satellite Equipment 
95. Military Surplus Electronics 
100. Audio Video/Lasers 
110. Cable TV 
115. Telephone/Fax 
120. Camponents 
125. Microcontrollers 
130. Antique Elactronics 
135. Aviation Electronics 
138. Thermocouple Walder 
140, Publicacons 
145. Robotics 
148.CNC 
150, Plans/Kies/Schemaucs 
155, Manuals/Schamatics Wanted 
160. Mise. Electronics For Sale 
170. Misc. Electronics Wanted 
175. BBS & Online Services 
180. Education 
190. Businass Opportunitias 
200. Repairs/Sarvice 


or your LY 
RELATED ad copy CLEARLY {not of 
caps) on a separate piece of paper. Spel 
out wards when submitting handwritten 
copy. Calculata the number of wards and 
muttiply it by the appropriate rate (sea 
RATE PER WORD section). Includa any 
charges for bald and/or CAPPED wards, 
any artwork costs that wauld bo applica 
ble, and/or costs far boxing your ad 
(explained belaw). Choose the appropnate 
classification for your ad{s] to appear in 
(see below). if no classification is indicated, 
it will be placed in Misc. Electronics or 
wherever we deem most suitable. Enclose 
your nama, address, phone number, and 
Aluts & Volts account number from 
your mailing label [if available) for identif- 
cation purposes. Include full payment = 


PRE-PAID 


Yo and mail your completed 


order to: 
NUTS & VOLTS MAGAZINE 
430 Princeland Cx, Corana, CA 92878. 


The ad rate for current PAID sub 
scribers is 6O¢ per word. All athers 
pay $1.20 per word. There is a 
$98.00 minimum charge per ad per 
insertion. 


Words to be set in bald ar CAPS are each 
10¢ extra PER WORD. BOLD CAPS are 
20¢ extra per word. The first two words af 
each ad are bold capped at no charge. 
Indicate bold wards by undertining. Words 
narmally written in caps (e.g.. [BM] and 
accepted abbreviations such as VAC or 
MHz are NOT charged as all cap words. 
Use a twoletter abbreviation far states. 


4A photo or drawing may be run et the top 
of your classified ad for an additional 
$10.00 (1° depth max) for camera-ready 
art. No warcing is allowed in this area, To 
BOX your ad, include an additional 
$50.00 for copyonly ads, or $75.00 for 
ads with art or photos. Photas may be 
emailed to classadinutsvalts.com. 


You may email er fax in ad copy ar 

before the closing date (SOO pr ges 
Sth) using MasterCard or Visa Include 
ered card expiration date, the fame that 
appears on the card, a daytime phone 
number and your Nuts & Volts account 
number. Email ad{s) to classad@nute- 
volts.com or fax ta 909-371-3052. Ads 
without credit card information will Not be 
fisted as received until payment is received 
in full. WE DO NOT CALL, EMAIL, on 
FAX BACK VERIFICATION OR QuOoTEs 
OF EMAILED AND FAXEDAN ADS. For 
vertication of emailed or faxed-in ads, 
please cal! 909-371-8497 ¥ 


Prepaid ads received by 5:00pm 
clasing date (Sth of “the TosER a 
appear in the following month's issue. Ads 
postmarked through the Sth, but received 
after the closing date, will be placed in the 
next available issue. No cancellations op 
changes after the Sth. Cancellations and 
changes must be submitted in writing. 


All classified ads are running copy only. Na 
Special positioning, centering, dot leaders, 
extra space. otc. is ullawed. All advertising 
in Nuts & Volts is limited to aloctronically 
related items ONLY. All ods ero subjact 
{o upproval by the publisher, Wo reserve 
tha right to reject or adit any ad submit. 
ted. Wa do not tuka ud copy or chungas 
over the phong. Wu do not bill for classi- 
fied Repeat ada ar ada run in muttinis 
classifications vathin tha sume iosue oro 
allowed. Paid cubscribors muy run ads ut 
Uo GO rata only through thir subscrip. 
tion prpiranion dato. NO REFUNDS. Crode 
only. No credit for typasutting errors will 
bu tisued unless you cfeurly print or type 
your ud copy. 


by TJ Byers 


Just getting started in electronics, but don't have access to 
a lot of equipment or money? If you have $50.00 and a 
desire to learn, then you have the beginnings of a new 


hobby. 


Hey you, over there, the 
newbie. You say you want to 
get started in electronics as 
a hobby, but don't have a lot 
of money? Yet, you want to 
work with programmable 
devices like a PIC or BASIC 
Stamp? 

Fortunately, it doesn't 
take a lot of cash to get 
Started, just a few basics that 
you can buy and/or build for 
about $50.00. Let me take 
you along the yellow brick 
electronics road to a land of 
fun and fantasy. 


Test Bench Equipment 
Basics 


Fist, you need a multimeter: a 

device that measures voltage, 
Current, and resistance. It can be 
either analog or digital. Personally, 
luse the 9300G Digital Multimeter 
that 1 purchased from Circuit 
Specialists (800-528-1417; 
www.web-tronics.com/9300g.html) 
for just $19.00 any time, any day. 
Besides the basics, this gem 
Includes a transistor and a diode 
checker. At the moment, as a spe- 
¢lal promo offer for Nuts & Volts 
readers, if you purchase $30.00 or 
mare from Circuit Specialists via 
the Internet, they'll give you a CSI 
Techmeter DMM — worth $29.00 — 
for free! (To get this promo, you 
Must enter the code "DMM FREE" 
~ IF you have a Jun. O1 Issue 
handy, check out their ad on page 
$2. You can read the fine print 
about the offer there.) 

If you follow the buying sug- 
festlons outlined here, you will 


easily earn that free DMM and still 
stay within your $50.00 budget. 


Getting Juiced 


"That's because you'll need a 
1 power supply for your projects 


18VCT @1A 


ON/OFF 


noe as 


LM7805 


LM317 


‘Tah connectad to ping 


LM78L12 


OUTPUT, INPUT 


— which you can build yourself. 
For most experiments, you'll need 
three voltage sources. First, is a 
five-volt source for logic ICs and 
microcontrollers. Next, is a vari- 
able voltage source to power op- 
amps, A/D converters, and audio 


ay 


GROUND 


INPUT 


INPUT 


‘OUTPUT 


ADJUST 


Far a limited time, 
Circult Specialists will give you 
a CS! Techmeter DMM — worth 

$29.00 — for free if you place 
an order for $30.00 or more. 
To qualify for this offer, you 
must enter the code "DMM 
FREE" on their web site when 
placing your order. 


This power supply can deliver up to 
one amp total, and can be built for 


about $25.00. 
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~ 


This reverse- 
voltage-protected 
logic prabe 
indicates the state 
of a logic line or 
Ic pin. 


chips. among other devices. 
Finally, there's a 12.6-volt voltage 
source that's needed for program- 
ming a PIC chip. The following cir- 
uit will fill the bill. 

It will provide up to one amp 
cf total current at the fivevolt and 
O-lS-volt outputs; e.g., 500 mA 
fram each. The 12.6-volt output 
can serve up 100 mA ef current 


Krazy Glue 
Tube 


Bl-color 
LED 


Bi-color 


+7 LED 


perfooard 


Notice that each voltage regulator 


has a 0.33uF capacitor on its input 


pin. 

This cap should not be 
ignored, it improves the regulator's 
response time, and has to be 
placed as close as possible to its 
associated IC. Cost is about 
$25.00 with a decent cabinet and 


binding posts. 


A Logical Choice 


ext, a logic probe would be 

handy. This device tells you 
the state of a logic line or IC pin. It 
indicates whether the line is high 
or low — or if the signal is a pulse 
train. That is, the logic is alternat- 
ing between high and low. The last 


—=, 


r 8/ Board a= 

i-Res Caseras | - 

From $32-00 ©: Beene 
All Cameras Skipped With PingnPiay Coble With RCA Video 
Out end Starderd DC Berrel Plug. Excloxd Camerms Come 
With Mina tre Mountrg Brecket All Products On This 
Pege Use 12 Vols DC Standard! Fleece Call 1-800-903- 
3479 For More Information or Exaul: 


Sale Qinte Iheam Sytem: Cam 


Color Board 
Pinholes 
Starting At 
$797.00 


Enclosed 8/u 
Pinholes 
From $39.00 


£136.88 In 
Quantity 


4 Inch TFT Color 
Display 
With Audia And Iaage 
Reverse. 
RCA Connectivity 
Oporates On Standard 
12 Volts BC. &4.bee 
Pixels For Excellent 
Resolutian. Ideal 
For Setting Up Vidas 
Surveillance Systeas- 
Compatible With All 
Video Gane Consoles. 
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Hi Power 
Infrared 


Cameras Fros 
$39.00 


www INTELLICAMSYSTEMS.com 


High Res Calor 
Enclosed Pinholes 
Fron $99.00 


Your New Headquareas For 24 Cigahem Wilks Solution. All 
of cur-witeles1 panwminen av FCC compliant. Oinpur vary from 
1 Ome (no Econie tequind) to Low enforcement grick high power 


H Quiputs. Some output db equirecentzin FOC liane 
1 Caren ad 
74 Trarcmites ALont 
) The Sie OFA 
5 lichter!! Our24.100 
Superman COLIF. Wireless 
COD Wanless Starts Tram mitter 1s 4 
1 $109.0 chanel switch le 
ard us tha words 
a smallest FLL 
Wtching 4Charel Crptal Controlled 
Pecava Avulabl: TA, Avalabla. 
Starting, at 4000 Siar at 4-99.00 


{ 
From Board Level Mintole Camerag To Specialty 
Uruder water Color Infrared Cameras, We have what 


you're Inching for at irus wholesile prices Call us now 
ot 1-800 903-3479. Dealers Always Welcome. 


Ciscle #115 on ita flasdat Cervice Card. 


PARTS 
LISTS 


SE aa 
Power Supply 


Semiconductors 

7805 — Five-volt regulator 

M317 — Adjustable voltage 
regulator 

78L12 - 12-volt regulator 

1A, 50V Bridge rectifier 

1N400) Diode 


Resistors 
240 ohms, 1/4W 
2.5k Potentiometer 


Capacitors 

1 ~ 2200uF, 50V electrolytic 
3 - 0.33uF mylar 

3 - 1uF tantalum 


Misc. 

1 - 18VCT, 1A power trans- 
former 

1 ~ SPST toggle switch 

1 — 1A fuse 


1-015VDC panel meter 
(RadioShack 22-410) 


1 - Cabinet 
4 ~ Nylon banana jack binding 
posts 


Logic Probe 


Semiconductors 

1 - 4001 NOR gate 

1 - Green LED (Pulse) 

1 ~ Bi-color LED (RadioShack 
276-012) 

1 - 1N34A germanium diode 


Resistors 
3- 1k 

1- 1Meg 
1-2.2Meg 


1-10 ohms, 1/2 watt (see text) 


Capacitors 
1 - 1UF tantalum 


Misc. 
Krazy Glue tube 
Perfboard 


NOPPP Programmer 


Semiconductors 

1 - 2N3904 transistor 

2- 1N34A diode 

1 - 16F84 PIC microcontroller 


Resistors 
3-4.7k 

3- tk 

1 - 2.2k 

| - 330 ohms 


Capacitors 
2~0.1uF mylar 


Misc. 

|- 25-pin D-sub connector 

1 - IBpin [C socket (non- 
telention contacts) 


CPARGER PUHF 


Vee SWITCE Vdd BUITCH 


PaweR [~rouerLt—.__| 


3 — 120) crouns 


A version of the "No-Parts" 

PIC programmer in kit form 

from Ramsey Electronics (800-446-2295; 
http://www.ramseyelectronics.com). 


REVISED NOPPP — MICHAEL A. 
COVINGTON, OCT. 31, 1998 
+12-14V : FOR GREATER COMPATIBILITY WITH 
Ic1 SOME PC PARALLEL PORTS. 
PICI6ca4 START SOFTWARE FIRST; APPLY 
POWER AND INSERT PIC WHEN 
TOLD TO DO SO. 


ai 
2N3904 


E 
{ 1 _]<— sTaos waimel 
"No-Parts" 
PIC programmer 
that plugs into the 
2 |<«— co parallel port 


TAZ) <-> GND of a PC. 


+ (GROUND ALL 
EIGHT PINS) 
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feature is especially handy when 
you can't determine if the signal 
line is hung up in limbo or chang- 
ing states faster than the eye can 
detect. You can buy a logic probe 
for under $15.00 in kit form, or 
build it yourself using the schemat- 
ic shown in this article. 

The electronics can be mount- 
ed in a discarded Krazy Glue con 
tainer (the outer housing for the 
glue tube), with a probe tip 
(RadioShack 278-705) glued into 


the tapered tip of the cylinder. The 
LED is a bi-color red/green indica- 
tor, like the RadioShack 276-012. It 
can be mounted in the red end 
cap of the glue tube holder. If 
money is tight, the probe tip can 
be made fram the lead of a 10- 
ohm, 1/2-watt resistor stuck 
through a hole drilled in the white 
end of the tube and glued in place 
with rubber cement. Not as sturdy 
as a rigid probe, but it will serve 
you until more funds become 


available. The +V and -V leads are 
made from a pair of mini-alligator 
jumper cables (RadioShack 278- 
1156). 


PIC Programmer 


Toor PIC projects, you'll need a 
1 programming device that, 
again, you can build yourself. 
My favorite is NOPPP, the 
"No-Parts" PIC programmer at 
www.covingtoninnovations.com/ 


Cables » Computer » Communications e Network « Audio » Video 
3 
oger’s 
Systems 


Specialist Inc. 
www.Rogers 
\ CAT. 5 CABLE | s-vaa Extensions 


800-366-0579 
661-295-5577 
FAX 661-295-8777 


24895 Avenue Rockefeller 
Valencia, California 91355 


“We Have Great Connections” 
ystems.com 


Mon. - Fri. 


Saturday ,) 


8:30am - 5:30pm 9am - 2pm, 


12 port horizontal CAT 5 Patch 
panel 110 style T568 A/B 
350MHz. Comes with panel, 
bracket, screws and wire 
covers. 


— $39° 


= 


4 male/temale 
Also available black 
in many 

CC-VGASMF 
CC-VGA-10MF 


, | CC-VGA-25MF 


3% Straight Patch 

7 ft Stra'ght Patch 
140. Stra'ght Patch 
258. Straight Patch 
50 ft Straight Patch 
759. Stra’ght Patch 
100 ft Stra’ght Patch 


male/male 

black 
CC-VGA-EMM v 
CC-VGA-10MIA 
CC-VGA-25MIA 
CC-VGA-SOMM 
CC-VGA-100MM 


IEEE-1394 FIREWIRE 


100FT. 


S44e 
These premumn VGA cables are mada with 75 ohm c- 
acai cables, They ae inple stuelded lo tupport extremely 
hugh bante.cth and unsurpassed protection against 
interference, Furthermore. our prermium cables ars 
PrugHPlay ready and are compatble wth the latest 
techna'egy 


USB 


CC-USBABS ELUSB-A-ETMM SS™ 

CC-USB-AB10 10RUSB’A™"B" MM $6* 

CC-USB-AB15 159.USB*A-"B* MI SB* 

CC-USB-X6 ER USB“A-AIAF $5™ | \ 

ce-use-x10 1cn.usa-avar sex | VGA Monitor Cables 
™~ 


6ft Gpin x 4pii 
10ft Gpin x 4pin 


en, The Easiest-to-Use | larger monitor, and noticed 
~ : Converter | These VGA monitor cables are 

8 ~ 512900 
yetrantewn utes ropmerstcirental (CC-VGA-BMH Eft. Hale/tale s6Model# CABLE-MOD444 


E-TVUSB CONVERTER Jrtave you just upgraded to 
Sa PCtOTV Video [seria ages ard sion gp 
high+eccluton multimedia catles with a 
TMAUT5OO HBDB15 corinector to your PC, Recommended 

Features 
ts} TEAIGNTES ot FAL 

Se A pore «|tAodem cable for CBEM56G-100BTX. 
Escaa/e A oiape CC-VGA-10HMM 10ft. Male/Male $8 


for monitors 17* and larger. Xircom - Modem Dongle CBEM56 
sheet Loum ad Parregd te séeo mages 


CC-VGA-6MF 6ft. Male/Female $6% 
CC-VGA-10MF 10ft. Male/Female $8” 


CA-30D-444 


TA-USB-Y 
eo 1SVGA  2PS/2 
Features: , } % 
RCA of S-Video (SVHS) to USB coriverter! 

adapter cabla Connect TV. VCR cr GN. Pale / Male $12% 
camcorder ta a USB pert and capture CC-PS2-VGA1 10f. Male / Male Sit” 
images cf mowes! Converts analog to dig.tal CC-PS2-VGAF Eft. Mala/Femals $14" 
vxdeo Supports NTSC and PAL. PC Version | CC-PS2-VGA1F 161. Male/Female $17% 

i 


CC-PS2-VGA6 


Clircia 8114 on tha Header Service Card. 
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PATCH PANEL | 


noppp. Just be forewarned that it's 
not really part-less. It does use 
about $10.00 of electronic compo- 
nents. The programmer plugs into 
the parallel port of your PC and 
programs 16C84, 16F83, and 
16F84 PIC chips. For the pragram- 
mer, you'll want a couple of sturdy 
IC sockets, because you'll be mov- 
ing PICs around a lot as you go 
between programming and testing. 

Circuit Specialists sells a simi- 
lar PIC programmer in kit form 
(Kit 81; http://store.yahoo.com/ 
webtronics/intopicprog I .html), 
which includes all the hardware 
and software you necd to get you 
started with PICs, for $24.95. Be 
sure to add an extra 16F84 to your 
order, in case you decide to put 
one of your inventions to practical 
use. 

You'll also want a datasheet 
(www.microchip.com) that shows 
you how to wire and set up your 
PIC — and a book that teaches you 
how to program it. A good book 
for the newbie is Easy Pic'N: A 
Beginner's Guide to Using 
Pic!6/17 Microcontrollers from 
Square I by David Benson 
(www.sq-].com). Advanced PIC 
programming is covered in Design 
with PIC Microcontrollers, by 
John B. Peatman, published by 
Prentice-Hall. Intermediate between 
these is Programming and 
Customizing the PIC 
Microcontroller by Myke Predko. 

If you're into the BASIC 
Stamp, don't pass up The Nuts & 
Volts of BASIC Stamps — a two- 
volume collection of 75 articles 
written by Scott Edwards, Jon 
Williams, and Lon Glazner 
(www.nutsvolts.com/Store_Pages/ 
Books/Basic_Stamp.htm) and 
check out the 
www.geocities.com/SiliconValley/C 
able/7772/ web site. 


The Final Touches 


A ccording to my calculator, the 
Motal comes to $36.20 give ar 
take a dollar, DMM and books not 
included. Oh, don't forget the sol- 
dering iron, solder, and hand tools. 
You'll also need electronic Parts, 
like resistors and Capacitors which 
you can buy from Jameco (800- 
831-4242, www.jameco.com) for 
as litle as $4.95 per grab bag. A 
solderless breadboard is also a 


good investment; prices start at 
Just $5.94, 


There you have it. Getting into 


a fun and exciting — and cutting- 
edge — hobby for less than 
$50.00. Now, if 1 could put the 
same budget restraints on my girl- 
friend's shoe collection, | could 
afford a new car. NV 
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a The dealers listed belo 


Professor Book Center 


Dontronics 
P.O. Bax 595 
29 Blesmcre Cres. 
Tulomatine 2043 
_ Weaw.canttesics com 


CALIFORNIA 
Ablelranics 

9ISS Archibald Ava. Unit E 
Cucamengs 91730 

All Beclronics 

90S 5. Vermont Ave. 

Los Angoles 900u5 


14928 Oxnard 51. 

Van Nuys 91411 
Alltonics 

2300-D Zanker Rd. 

San Jose 95131 
Centedold Inlemational 
TIGN. Faidax Ave. 

Los Angeles 90026 

Del Amo Books & News 
3758 Sepulveda Bd. 
Torrance 90505 

Beclro Mavin 

2985 E, Harcouri St. 
Rancho Dominguez 90221 
HSC Electranic Supply 
4837 Amber Ln. 
Sacramenia 95841 


S000 Ryder Si. 
Sonto Ciara 95051 


5681 Redwood Dr. 
Rohnert Park 94928 

JK Electranics 

6895 Westminster Ave. 
Westminster 92683 
Hon Electronic Labs 


_ AQAB E. Tawnsend Ave. 


Fresno 93727 
_ Mar Vac Electronics 
2001 Harbor Bid. 
Costa Mesa 92427 


12453 Washington Blvd. 
Los Angeles 90064 


4747 Holt Byd. 
Monicloir 91763 


20N0 Qullol Center Dr. 
Sto. 150 
Omored 93030 


1759 Colorado Blvd 
Pradena 91106 


257 Del Paso Bd 
Sacramento 95815. 


5184 Hollister Bivd. 

Santa Barbara 93111 
OPAMP Technical Books 
1033 N Sycamare Ave 

Los Angeles 90038 
Roger's System Speciolis!s 
24895 Ave Rockefeller 
Valencia 91355 

Sav-On Elecironics 
13225 Harbor Blvd. 
Garden Grove 92643 

The Red Bam 

Hwy. 209 

Bieber 96009 

Tower Boaks 

211 Main St. 

Chico 95928 


7840 Macy Piaza Dr. 
Citrus Helghts 95610. 


1280 E. Wilow Pass Rd. 
Cancard 94520 


630 San Antonio Rd, 
Mountain View 94040 


1600 Broadway 
Sacramento 95818 


2538 Watt Ave. 
Sacramento 95821 
Tower Records/Video 
220 N. Beach Bivd. 
Anahelm 92801 


6694 Amador Plaza Rd. 
Dublin 94568 


5703 Christie Ave. 
Emeryville 94608 


4118 Fremont Hub 
Fremont 9453 


5611 Blackstone 
Fresno 93710 


2384) Calle De La Loulsa 
Laguna Hits 9245 
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ong Beach 90803 


2331 S Atianile Blvd, 
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2925 Jones St. 
San Francisco 94133 
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San Jose 95123 
Video Electronics 
3829 Universily Ave. 
San Diego 92105 


GANADA 


Cody Books Lid. 

810 Quayside Dr #222 
New Westminster, BC 
VAM 689 

Com-West Radio 
Systems Lid. 

8171 Main St. 
Vancouver, BC V5X 3L2 
Emma Marian id. 

2677 E. Hastings St 
Voncouver, BC V5K 125 
Muir Communications Lid, 
3214 Dougias St. 
Victoria, BC V8Z 3k6 


COLORADO 
Centennial Electonics, 
Inc. 

2324 E. Bijou 

Calarada Springs £0709 
Tower Recards/Video 
2500 E Ist Ave. 

Denver 80206 


CONNECTICUT 
Archway News 

64 Bank St. 

New Milford 06776 
Tower Records 

1145 High Ridge Rd. 
Stamfard 0690S 


DELAWARE 
Newark Newsstand 
70 E Main St. 
Newark 19711 


DISTRICT OF 


COLUMBIA 
Tower Recards 

2000 Pennsylvania Ave. 
Washington 20006 


FLORIDA 

Alfa Bectronic Supply 
6444 Pembroke Rd. 
Miramar 33003 

Astro Toa 

6949 W. Nasa Bivd. 
West Melboume 32904 
Clarks Out of Town News 
368 § Andrews Ave. 
Fort Lauderdale 33301 
Mike's Electronic 
Distributing Co. 

1001 N.W. 52nd St. 

Fort Lauderdale 33309 
Sunny's Af Sunset. Inc. 
8260 Sunsel Strip 

Sunrise 33322 


HAWAII 
SolarWorks! 

§25 Lotus Blossam Ln_ 
Ocean View 94737 
Tower Records 

4211 Walaolas Ave. 
Honoka 96814, 


611 Keeoumoku 
Honalutu 96814 


IDAHO 
Curent Source 
454N. Phileppl St. 
Bote 83704 


Ww carry the latest issue of Nuts & Volts, for your convenience. 


ILLINOIS 
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Records/Video/Books 
383 W. Army Trad Rd. 
Bloomingdale 60108 


2301 N, Clark $1 #200 
Chicago 60414 


1209 E. Golf Rd. 
Schaumburg 60173 


INDIANA 

Surplus Bargain Center 
2611 W.Michigan SI. 
Indignapats 46222 


KAHSAS 
Hollywood Ai Home 
9063 Metcalt Ave. 
Overland Park 66212 


LOUISIANA 
Lokesida News 
3323 Sevem Ave. 
Metalrle 70002 


MARYLAND 
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2566 Solomons island Rd. 
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Tower Records/Video 
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MICHIGAN 
Anyihing Goes 

5108 Rochester Rd. 
Troy 48078 

Little Professors Book 
Center 


22174 Michigon Ave. 
Dearbam 44124 


Purchase Radio Supply. Inc. 


327 £ Hoover Ave. 

Ann Arbor 48104 
Spectnim Electronics, Inc. 
1226 Bridge St. NW 

Grand Rapids 49504 


MIHNESOTA 
Radio City, Inc. 

2643 County Road 1 
Mounds View 55112 


MISSOURI 
Hecironics Exchange 
6644 S1. Charias Rock Rd. 
St. Lous 63114 


NEVADA 

Amateur Hectronic Supply 
4640 Polaris 

Las Vegas 89103 

House of Drake 

3129 S. Corson Si. 

Caron City 89701 

Radio Word 

1654 Nevada Hwy. 

Boulder City 69005 


Sandy's Electronic Paris 
9461] Matiey Ln #100 

Reno 69502 

Tawer Records/Video 
4580 W. Sahara Ave. 

Los Vegas 89102 


6450 §. Virginia 
Reno 89511 


NEW JERSEY 
HES. Electronics 
1715 Route 88 

Brick 08724 


Tower Recards/Video 
809 AT 17S 
Paramus 07652 


HEW YORK 

Ham Centra! 

3 Nepiune Rd 
Poughkeepsie 12601 
Hirsch Sales Carporation 
219 Calitomia Dr. 
Williamsville 14221 

Tower Recards/Video 
185 Old Country Rd. 
Carle Place 11514 


350-370 Route 110 
Huntington 11746 


1941 Broadway 
New York 10023. 


383 Lafayette St. 
New York 10003 


OHIO 

Foatsteps 

4925 Jackman Rd. Store #58 
Toledo 43613 

Hosfelt Electronics, Inc. 
2700 Sunset Blvd. 
Steubenvile 43952 
Keyways, Inc. 

204 3rd St. 

Miamisburg 45342 


OKLAHOMA 
Taylor News & Books 
133 W. Main, Ste, 102 
Okiahoma City 73102 


OREGON 

News & Smokes 

1060 S.E.M St. 

Grants Pass 97526 

Norvac Hectronics 

7940 S.W. Nimbus Ave. Bidg. 8 
Beaverton 97005 


960 Conger 
Eugene 97402 


1545 N. Commercial NE. 
Salem 97303 

Tower Books 

1307 NE. 12nd Ava. 
Poriand 97220 


PENNSYLVANIA 
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Tower Books 

425 South St. 
Pniladeiptia 19147 
Tower Records 

340 W. Dekaib Pike 
King of Prussia 19406 
Tower Records 
Lond Title Bldg, 

100 5. Broad §1, 
Prladelphia 19110 


TENNESSEE 
Tower Books 

2404 W. End Ave. 
Nashvife 37203 
Tower Recoids 
504 Opry Mills Dr. 
Nashville 37214 


TEXAS 

BDL News, Inc. 

809 Plerce 

Houstan 77002 
Electronic Parts Outlet 
3753-B Fondren Rd. 
Hauston 77063 
Mouser Electronics 
958 N. Marn St. 
Mansfield 76063 
Tanner Electonics 
1301 W. Beltline #105 
Conatton 75006 
Tower Records 
2403 Guadalupe St, 
Austin 78705 


VIRGINIA 

Tower Recorda/Video 
6200 Lite River Turmpike. 
Alexandra 22312 


4110 W. Ox Rd. #12124 
Favfox 22033 


1601 Wilow Lown Dr. 
Richmond 23230 


8389 E. Leesburg Pike 
Vianna 22162 


WASHINGTON 


A-B-C Communications, Inc. 


17541 15th Ave. N.E. 
Seattle 98155, 
Supertronix 

16550 W. Valay Hwy. 
Seattle 98168 

Tower Books 

10635 N.E. ath St. 
Bellavue 98004 


20 Mercer St. 
Seattia 98109 


WISCONSIN 
Amateur Electronic 
Supply, Inc. 

5710 W. Good Hope Rd 
MMiwaukes 53223 


WYOMING 
Wasiam Test Sysiams: 
2701 Westland Ct 4B 
Cheyenne 82001 


PAM? COOKBOOK 


by Ray Marston 


Part 3 


Oscillators and 


Switching Circuits 


Ray Marston looks at practical op-amp oscillators and 
switching circuits in the third episode of this four-part 
survey of op-amp principles and applications. 


he opening episode of this 
‘opamp’ series described 
the basic operating prind- 
pies of conventional volt- 
agedifferencing op-amps 
(typified by the 741 type), and 
showed some basic circuit configu- 
rations in which they can be used. 
The present episode locks at practi 
cal ways of using such cp-amips in 
carious osc!ator and switching 
applications. 
When reading this instaliment, 
nate that most practical circuits are 
shown designed around a standard 


— 
_ ) Se eer ae 


5 Davs Moocy Rack Gaarantee. 


74) or 3140-type op-amp and oper- 
ated from dual 9V supplies, but that 
these circuits will usually work (with- 
out modification) with most valtage- 
differencing ap-amps, and from any 
OC supply within that op-amp's 
operating range. 


SINEWAVE OSCILLATORS 


An op-amp can he made to act 
as a sinewave oscillator by connect- 
ing it as a linear amplifier in the 
basic configuration shawn in Figure 
1, in which the amplifier output is 
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Frequency-seleciive 
network with gain = =A, 
and phase shill = y atl, 


fed back to the input via a frequen- 
cy-selective network, and the overall 
gain of the amplifier is controlled via 


Conditions for oscillation:- 
ope 
x+y =O. 
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Conditions tor sinewave generation:- 


Amplifier with galn = Ay A, tA,=1. 
and phase shift =x" at f, 
Oscillator 
output 


Figure 1. Conditions for 
stable sinewave 
oscillation. 


Figure 2. Basic 
Wien Bridge 
sinewave 
oscillator. 


a level-sensing system. 

For optimum sinewave genera- 
tion, the feedback network must 
provide an overall phase shift of 
zero degrees and a gain of unity at 
the desired frequency. If the overall 
gain is fess than unity, the circuit will 
nat oscillate and, if it is greater than 
unity, the output waveform will be 
distorted. 

One way of implementing the 
above principle is to connect a Wien 
Bridge network and an op-amp in 
the basic configuration shown in 
Figure 2. Here, the frequency-sensi- 
tive Wien Bridge network is con- 
Structed fram R1-C1 and R2-C2. 
Normally, the network is symmetri- 
cal, so that C1 = C2 = C, and R1 = 
R2 = R. The main feature of the 
Wien network is that the phase rela- 
tionship of its output-to-input signals 
varies from -90° to +90°, and is pre- 
cisely O° at a center frequency (fg) 
of 1/2mCR. At this center frequency, 
the symmetrical network has a volt- 
age gain of 0.33. 

Thus, in Figure 2, the Wien net- 
work is connected between the out- 
put and the non-inverting input of 
the opamp, so that the circuit gives 
zero overall phase shift at f,, and 
the actual amplifier is given a volt- 
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Figure 5. Diode-regulated 150Hz-1.SkHz 


Figure 4, 150Hz-1.5kHz lamp-stabilized 
Wien ridge oscillator. 


Figure 3. Thermistor stabilized 
Wien Sridge oscillator. 


1kHz Wien Bridge oscillator. 
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Figure 7. Three-decade (15Hz-15kHz) Wien Bridge oscillator. 


Figure 6. Zener-regulated 150Hz-1.5kHz 
Wien Bridge oscillator. 


and at the desired out- 
put signal level has a 
resistance value double 
that of RV1, thus giving 
the op-amp a gain of x3 and the 
overall circuit a gain of unity. If the 
oscillator output starts to rise, TH1 
heats up and reduces its resistance, 
thereby automatically reducing the 
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circuit's gain and stabilizing the 
amplitude of the output signal. 

An alternative method of ther- 
mistor stabilization is shown in 
Figure 4; this circuit variant is very 
popular in the USA. In this circuit, a 
low-current filament lamp is used as 
a positive-temperaturecoefficient 
(ptc) thermistor, and is placed in the 


age gain of x3 via feedback net- 
work R3-R4, to give the total system 
an overall gain of unity. 

The circuit thus provides the 
basic requirements of sinewave 
oscillation. In practice, however, the 
ratios of R3-R4 must be carefully 
adjusted to give overall voltage gain 
of precise unity that is necessary for 
low-distortion sinewave generation. 

The basic Figure 2 circuit can 
easily be modified to give automatic 
gain adjustment and amplitude sta- 
bility by replacing the passive R3-R4 
gain-determining network with an 
active gain-control network that is 
sensitive to the amplitude of the 
output signal, so that gain decreas- 
es as the mean output amplitude 
increases, and vice versa. Figures 3 


cient (ntc) type. The thermistor 
(TH1) and RV1 form a gain-deter- 
mining network. 

The thermistor is heated by the 
mean output power of the op-amp, 
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Figure 3 shows the basic circuit 
of a 1kHz thermistor-stabilized Wien 
bridge oscillator of the type that has 
been popular in the UK and other 
European countries for many years. 
The thermistor used here is a rather 
expensive and delicate RAS3 (or 
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similar) negative-temperature-coeffi- 
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Figure 8. Diode+regulated 1kHz 


Twir-T oscillator. 


Figure 10. Simple S00Hz-5kHz 


squarewave generator. 


lower part of the gaindetenmining 
*zecback network. 

Thus, if the output amplitude 
nereases, the lamp heats up and 
nereases its ree'stance, thereby 
reducing the circuit gain and provid- 
ing automatic amp'tude stabiza- 


RV2 2 
100k 


Set SO0HZ 


tion. This circuit also shaws 
how the Wien network can 
be modified by using a 
twingang pot to make the 
oscillator frequency variable 
over the range 150Hz to 
1.SkHz, and how the sinewave out- 
put amplitude can be made variable 
via RV3. 

Note in the Figure 3 and 4 cir- 
cuits that the preset pot should be 
adjusted to set the maximum mean 
cutput signal level to about 2V 


Figure 11. Improved 
500Hz-5kHz 
squarewave 

generator. 


RMS, and that under this condition, 
the sinewave has a typical total har- 
monic distortion (THD) level of 
about 0.1%. 

if the circuit's thermistor is a 


low-resistance type, it may be neces- 


sary to interpase a bidirectional cur- 
rent-booster stage between the op- 
amp output and the input of the 
amplitude control network, to give 
it adequate drive. 

Finally, a slightly annoying fea- 
ture of thermistor-stabilized circuits 
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is that, in variable-frequency applica- 
tions, the sinewave's output ampii- 
tude tends to judder or ‘bounce’ as 
the frequency contro! pot is swept 
up and down its range. 


DIODE-STABILIZATION 
CIRCUITS 


The amplitude ‘bounce’ prob- 
lem of variable-frequency circuits 
can be minimized by using the basic 
circuits in Figures 5 or 6, which rely 
on the onset of diode or zener con- 
duction for automatic gain control. 
In essence, RV2 is set so that the 
circuit gain is slightly greater than 
unity when the output is close to 
zera, causing the circuit to oscillate, 
but as each half-cycle nears the 
desired peak value, one or other of 
the diodes starts to conduct and 
thus reduces the circuit gain, auto- 
matically stabilizing the peak ampli- 
tude of the output signal. 

This ‘limiting’ technique typical- 
ly results in the generation of 1% to 
2% THD an the sinewave output 
when RV2 is set so that oscillation is 
maintained aver the whole frequen- 
cy band. The maximum peak-to- 
peak output of each circuit is raugh- 
ly double the breakdown voltage of 
its diode regulator element. In the 
Figure 5 circuit, the diodes start to 
conduct at 500mv, so the circuit 
gives a peak-to-peak output of 
about 1V0; in the Figure 6 circuit, 
the zener diodes are connected 
back-to-back and may have values as 
high as SV6, giving a pk-to-pk out- 
put of about 12V. 

The frequency ranges of the 
above circuits can be altered by 
changing the C1 and C2 values: 
increasing the values by a decade 
reduces the frequency by a decade. 
Figure 7 shows the circuit of a vari- 
able-frequency Wien oscillator that 
covers the range 15Hz to 1SkHz in 
three switched decade tanges. The 
circuit uses zener diode amplitude 
stabilization; its output amplitude is 
variable via both switched and fully- 
variable attenuators. Note that the 
maximum useful Operating frequen- 
gy of this type of circuit is restricted 
by the slew-rate limitations of the 

opamp. The limit is about 25kHz 
with a 741 op-amp, or about 70kHz 
with a CA3140 


A TWIN-T OSCILLATOR 


Anather way of making a 
sinewave oscillator is to wire a Twin. 
T network between the output and 
input of an inverting op-amp, as 
shown in the diode-regulated 1kHz 
oscillator circuit in Figure 8. The 
Twin-T network comprises R1-R2-83- 
RV1 and C1-C2-C3, and in a ‘bal- 
anced’ circuit; these components 


are in the ratios R1 = R2 = 2 (R3 
+RV1), and C1 = C2 = C3/2. 

When the network is perfect- 
ly balanced, it acts as a frequen- 
cydependent attenuator that 
gives Zero output at a center fre- 
quency (f,) of 1/2 2 R1.C1, anda 
finite output at all other frequen- 
cies. When the network is imper- 
fectly balanced, it gives a minimal 
but finite output at f,, and the 
phase of this output depends on 
the direction of the imbalance: if 
the imbalance is caused by (R3 + 
RV1) being too low in value, the 
output phase is inverted relative 
to the input. 

In Figure 8, the 1kHz Twin-T 
network is wired between the 
gutput and the inverting input of 
the op-amp, and RV1 is criti- 
cally adjusted so that the 
Twin-T gives a small inverted 
output at fp; under this con- 
dition zero overall phase 
inversion occurs around the 
feedback loop, and the cir- 
cuit oscillates at the 1kHz 
center frequency. 

In practice, RV1 is 
adjusted so that oscillation is 
barely sustained and, under 
this condition, the sinewave 
output distortion is less than 
1% THD. Autamatic ampli 
tude control is provided via 
D1, which provides a feed- 
back signal via RV2; this 
diode progressively conducts 
and reduces the circuit gain when 
the diode forward voltage exceeds 
S00mv. 

To set up the Figure 8 circuit, 
first set RV2 slider to the op-amp 
output and adjust RV1 so that oscil 
lation is just sustained, under this 
condition, the output signal has an 
amplitude of about 5O0mvV pk-to-pk. 
RV2 then enables the output signal 
to be varied between 170mV and 
3V0 RMS. Note that Twin-T circuits 
make goad fixed-frequency sinewave 
oscillators, but are not suitable for 
variablefrequency use, due to the 
difficulties of varying three or four 
network components simultaneously 


SQUAREWAVE 
GENERATORS 


figure 9 shows a basic op-amp 
relaxation oscillator or squarewave 
generator using dual (split) power 
supplies. Its circuit action is such 
that C1 alternately charges and dis- 
charges (via R1) towards an ‘aiming’ 
or reference valtage set by R2-R3, 
and each time C1 reaches this aim- 
ing valtage, a regenerative compara- 
tor action occurs and makes the op- 
amp output switch state (to positive 
of negative saturation), this action 
produces a symmetrical squarewave 
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with variable M/S-ratio 
and frequency. 
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Figure 14, Variable-frequency 
narrow-pulse generator. 
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at the op-amp’'s output and a non- 
linear trianglewave across C1. 

The operating frequency can be 
varied by altering either the R1 or 
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C1 values or the R2-R3 ratios; this 
circuit is thus quite versatile. A fast 
opamp such as the CA3140 should 
be used if good output rise and fall 
times are needed from the square 
wave. 

Figure 10 shows the basic circuit 


adapted to make a practical 500Hz 
to 5kHz squarewave generator, with 
frequency variation obtained by 
altering the R2-RV1-R3 attenuator 
ratio. Figure 71 shows the circuit 
improved by using RV2 to preset 
the range of the RV1 frequency con- 
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Figure 17. 100Hz-1kHz ramp/rectangle generator with variable 


Figure 12 shoves haw the above 
circuit can be modified to make a 


triggered bistable. 


tor that covers the 2Hz to 20kHz 
range in four switched decade 
ranges. Preset pots RV1 to RV4 are 
used to precisely set the minimum 


to 200Hz, 20Hz to 2kHz, and 2kHz 
to 20kHz ranges, respectively. 


VARIABLE SYMMETRY 


In the basic Figure 9 circuit, C1 
alternately charges and discharges 


Figure 19. Single-supply manually- 
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Circle 9121 on the Naadar Gatvice Card, 


via R1, and the circuit generates a 
symmetrical squarewave output. 
The circuit can easily be modified 
to give a variablesymmetry out- 
put by providing C1 with alternate 
charge and discharge paths, as 
shown in Figures 13 and 74. 

In the Figure 13 circuit, the 
mark/space (M/S) ratio of the 
output waveform is fully variable 
from 11:1 to 1:11 via RV1, and 
the frequency is variable from 
650Hz to 6.5kHz via RV2. The cir- 
cuit action is such that C1 alter- 
nately charges up via R1-D1 and 

the left-hand side of RV1, and 
discharges via R1-D2 and the 
right-hand side of RV1, to pro- 
vide a vatiable-symmetry out- 
put. In practice, variation of 
RV1 has negligible effect on 
the operating frequency of 
the circuit. 

In the Figure 74 circuit, 
the mark period is determined 
by C1-D1-R1, and the space 
period by C1-D2-R2; these 
periods differ by a factor of 
100, so the circuit generates a 
narrow pulse waveform. The 

pulse frequency ts variable from 
300Hz to 3kH2 via RV1 


TRIANGLE-SQUARE 
GENERATION 


Figure 15 shows the basic cir- 
cuit of a function generator that 
simultaneously generates a linear tri. 
angle and a square waveform, using 
two ap-amps. !IC1 is wired as an 
integrator, driven from the output 
of IC2, and 1C2 1s wired as 4 differ- 
ential voltage comparator. driven 
from the output of (C1 via potential 
divider R2-R3, which is connected 
between the outputs of 1C1 and 
IC2. The squarewave output of ic2 
switches alternately between posi: 
tive and negative saturation. The cir- 
cuit functions as follows. 

Suppose initially that the output 
of IC1 is positive and the output of 
IC2 has just switched to Positive sat- 
uration. The inverting input of 1C1 is 
a virtual earth point, so a current (i) 
of +V,,,/R1 flows into R1, Causing 
the output of 1C1 to start to swing 
down linearly at a rate of i/C1 volts 
per second. This output is fed — via 
the R2-R3 divider ~ to the non. 
inverting input of iC2, which has its 
inverting terminal referenced directly 
To ground. 

; Consequently, the output of IC1 
swings linearly to a negative value 
until the R2-R3 junction voltage falls 
to zero, at which point !C2 enters a 
regenerative switching phase, in 
which its output abruptly switches 
to negative saturation. This reverses 
the inputs of [C1 and iC2, so (C1 
output Starts to rise linearly, until it 


reaches a positive value at which 
the R2-R3 junction voltage reaches 
the zero volts reference value, initi- 
ating another switching action. The 
whole process then repeats add 
infinitum. 

Important points to note about 
the Figure 75 circuit are that the pk- 
to-pk amplitude of the linear trian- 
gle waveform is contralled by the 
R2-R3 ratio, and that the circuit's 
operating frequency can be altered 
by changing either the ratios of R2- 
R3, the values of Ri or C1, or by 
feeding R1 from a potential divider 
connected to the output of 1C2 
{rather than directly from !C2 out- 
put. Figure 16 shows the practical 
circuit of a variable-frequency trian- 
gle/square generator that uses the 
latter technique. 

In Figure 76, the input current 
of C1 (obtained from RV2-R2) can 
be varied over a 10:1 range via RV1, 
enabling the frequency to be varied 
from 100Hz to 1kHz; RV2 enables 
the full-scale frequency to be set to 
precisely 1kHz. The amplitude of the 
linear triangle output waveform is 
fully variable via RV3, and of the 
squarewave via RV4 

The Figure 16 circuit generates 
symmetrical output waveforms, 
since C1 alternately charges and dis- 
charges at equal current values 
(determined by RV2-R2, etc.). Figure 
17 shows how the circuit can be 
modified to make a variable symme- 
try ramp/rectangle generator, in 
which the slope is variable via RV2 
C1 alternately charges via R2.D1 
and the upper half of RV2, and dis- 
charges via R2-D2 and the lower 
half of RV2 


SWITCHING CIRCUITS 


To conclude this month’s edi 
tion of the "OP-AMP COOKBOOK.’ 
figures 18 to 20 show three ways 
of using op-amps as simple regener 
ative switches. Figure 78 shows the 
connections far making a simple 
manually-triggered bistable circuit 
Note here that the inverting termi 
nal of the opamp is tied 10 ground 
via Rt, and the non-inverting termi 
nal is tied directly to the output. 
The circuit operates as follows 

Normally, SW1 and SW2 are 
open. If SW1 is briefly closed, the 
op-amp inverting terminal is 
momentarily pulled high and the 
Gutput is driven to negative satura- 
tion; consequently, when SW1 1s 
teleased again, the inverting termi- 
nal returns to zero volts, but the 
output and the non-inverting termi 
nals remain in negative saturation 

The output remains in this state 
until SW2 is briefly closed, at which 
point, the opamp output switches 
to positive saturation, and locks into 


this state until SW1 is again operat- 
ed. The circuit thus gives a bistable 
form of operation. Figure 19 shows 
how the circuit can be modified for 
operation from a single-ended 
power supply. In this case, the op- 
amp’s inverting terminal is biased to 
half-supply volts via R1 and the R2- 
R3 potential divider. 

Finally, Figure 20 shows how to 
connect an op-amp as a Schmitt 
trigger, which can (for example), be 
used to convert a sinewave input 
into a squarewave output. The cir- 
cuit operates as follows. 

Suppose initially that the op- 
amp output is at a positive satura- 
tion value of 8V0. Under this condi- 
tion, the R1-R2 divider feeds a posi- 
tive reference voltage of 8V x 
(R1+R2)/R2 (= about 8OmvV in this 
case) to the op-amp’s non-inverting 
pin. Consequently, the output 
remains in this state until the input 
rises to a value equal to this voltage, 
at which point the op-amp output 
switches regeneratively to a nega- 
tive saturation level of -8VO, feeding 
a reference voltage of -80mV to the 
non-inverting input. 

The output remains in this state 
until the input signal falls to -80mv, 
at which point, the op-amp output 
switches regeneratively back to the 
positive saturation level. The process 
then repeats add infinitum. The 
actual switching levels can be 
altered by changing the R1 value. 
NV 


Next month, Ray looks at practical 
op-amp instrumentation and test-gear_ 
circuits in the final installment of this 
four-part series, 
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Tf you are paying a monthly fee for “inhouse” 
Isiring service, you may. (If your phone com 
pany offers two levels of “in-house” service, 
and you chose the lower level, you may have 
to pay a service charge if the trouble is ina 
telephone or accessory, not in the wiring.) If 
(like me) you felt the cost of inhouse service 
is too much, and chose not to use their in- 
house service, you need to determine if the 
probiem is your responsibility or the phone 
company's. 

Outside your house, there is usually a tele 
phone interface box. In an apartment, it may 
be In a basement or a service area. A hinged 
cover over part of the box, held closed by one 
or two screws, is marked “customer access.” 
Inside this cover is a standard RJ-11 modular 
telephane jack, a modular plug on a short 
wire, and screw terminals where the wires 
going into your house are connected. 
Everything before this box is the phone com- 
Pany’s responsibility. Everything from this box 
to your phone is your responsibility. The jack 
is connected to the phone line, the plug wire is 
connected to the screw terminals. 


Figure 1. The PhaneTester 
will check line conditions, 
telephones, modems, 

and other telephone 
accessories. 
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Test Your Telephones, 
Lines, and Accessories 
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by Bill Stiles 


The first test is to unplug the wire from the 
jack, and connect a “known-good” telephone 
to.the jack. If the phone works, the prablem is 
in your phone wiring, or a shorted telephone or 
accessory. If the phone doesn’t work, you 
might want to ty another phone before calling 
the phone company. 

Better yet, use the PhoneTester to measure 
the voltage and current, and compare these 
values to those measured earlier when the 
phones were working, or with the normal val- 
ues on a phone line. The PhoneTester is also 
used for finding the trouble in your wiring, tele- 
phones, and accessories. 


Telephone Systems 


Before we describe the PhoneTester, we 
will describe some of the voltages and signals 
seen on the phone line. Some details seem to 
be not well known. I'm not an expert, but! 
believe the following description is correct. 

The two-wire telephone line carries several 
signals, both voice (or data) and control. For 
audio, the line is a balanced line, impedance is 
about 600 ohms, with a signal level similar to 
that of a low-impedance “line-level” line in pro 
audio. Since this is a balanced line, nothing 
should be connected to it which has any path 
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to ground, even at a high impedance. Also, the 
power supply of anything connected to the 
phone line must be well-insulated. 

, In addition to the primary voice or data 
signal, there are others in the audio range: the 
“ring-back” signal to tell the caller the other 
phone is ringing, the dial tone, the busy signal 
and the audio tones used for tone dialing. i 

The line also carries a DC voltage between 
the wires, used both for signaling and to power 
the telephone. The nominal value for this is 48 
VDC, with an effective series Tesistance at the 
phone company's central office of about 1,500 
ohms. (Both the voltage and resistance a 
be a little higher. My home phone line cance 
tently measures 51.6 VDC, and the calculated 
resistance, by measuring the “ofFhook" volt. 
age and current, is about 1,590 ohms.) 

When a telephone is taken Off-hook, the 
current drawn by the phone (about 25 to 29 
mA) drops the voitage to five to nine Volts. 
This drop in valtage signals the switchin ’ 
equipment in the central office that you oe 
to make a call. In pulse dialing. this DC vale: 
is also pulsed to transmit the Numbers dial a 
to the switching equipment. (In tone dialin - 
two audio tones, produced when each bugs, i 
pressed, signal the numbers dialed.) one 

The other signal on the line is the Fingin 

voltage. The nominal wale 
is 86 VAC at 20 Hz, but the 
voltage is sometimes a little 
higher. Anything connected 
to the line must be able to 
withstand this voltage. 

Because of the DC volt. 
age on the line, any compo- 
nent which has a DC current 
Path and is connected to the 
line — such as a transformer 
or mechanical bell Tinger — 
must have a series Capacitor 
to allow only AC to pass. 
This capacitor should have a 
working voltage of at least 
100 VAC or 250 vpc, 
because of the ringing volt- 
age. Also, FCC regulations 
(47 CFR Part 68) require 
that anything connected to 
the line should have a DC 
current draw, when the line 
Is not in use, of not more 
than that drawn by a five- 


megohm resistor, 10 microamperes at the 
approximately 50 volts on the line. (Ten 
megohms, five microamperes, is better.) The 
PhoneTester allows easy measurement of this 
current. (For preventive maintenance, the 
phone company measures the current when 
the line is not in use, to check for leakage.) 


Circuit Description 


The PhoneTester allows measurement of 
the phone line voltage, the leakage current in 
microamps, and the in-use current in mil- 
liamps. The schematic is shown in Figure 1. 
The input is through a standard RJ-11 modular 
telephone plug and cable, PL1. The plug which 
was removed to allow cannection of PL1 is 
connected to output jack Ji, to allow measure- 
ment of line current. Measurements are made 
with a digital multimeter (DMM) connected to 
J2 and J3, or with an optional digital panel 
meter built inte the PhoneTester case. 

J2 is connected to the negative side of the 
input line. When S1 is in the voltage position, 
J3 is connected to the positive side of the 
input. When S1 is in the current position, J2 
and J3 are connected across one-ohm resistor 
RI. One milliampere through R1 produces a 
reading of one millivolt, giving a direct reading 
of the current in the phone line. 

If an auto-ranging DMM is used, changing 
the DMM range is not necessary when switch- 
ing between voltage and current measurement. 
To measure leakage current, normally-closed 
push-button switch $2 is pressed, placing 
1,000-ohm resistor R2 in the circuit. Now, a 
reading of one millivolt indicates a current of 
one microampere. If ring voltage is sent over 
the line while S2 is open, D2 and D3 limit the 
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Figure 2. (a) Telephone line cords; (b) Cord couplers. 


voltage across R2 and the DMM, and allow the 
ting voltage to reach J1. 

LED1 and DPDT switch S3 provide a 
check for line polarity, while NE1 indicates the 
presence of ring voltage on the line. LED1 
should be a low-current LED (2 mA), since the 
15 to 20 mA current of a standard LED will 
send an “off-hook” signal to the phone compa- 
ny. Dicde D1 prevents the negative cycles of 
the ring voltage from reaching LED], while R4 
and zener diade D4 limit the maximum voltage 
of the positive cycles. C! bypasses any possi 
ble high-frequency noise. R4 and R5 provide 
the voltage-dropping resistance for LED1. The 
resistance was split into two resistors to allow 
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use of a higher-voltage zener diode. (Very low- 
voltage zeners seem to have poorer regulation 
than those over about five volts.) 


Construction 


The prototype PhoneTester was built in a 
plastic project case that measures about 4 by 
2.5 by 2.5 inches. The switches, jacks, LED1, 
and NE1 were mounted on the case. 
Remaining parts were mounted on a small pro- 
totype PC board, cut from a larger board with 
a finetooth hacksaw. The board and the parts 
mounted on the case were connected with 
stranded hook-up wire. J1 is a surface-mount 
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standard RJ-11 telephone jack, mounted on 
the autside of the case with cannecting wires 
going through a hole in the case. J2 and J3 
and tip jacks — Mouser Electronics stock no. 
530-105-0802-1 or similar — will fit the tips of 
most DMM probes. 

Although in standard telephone line cords 
the red wire is negative and green is positive, | 
used a black jack for J2 (negative) and a red 
jack for J3, ta match the normal colors of 
DMM probes. For accuracy, | used 1s resistors 
far R1 and R2. Same suppliers do not sell 1% 


resistors in small quantities, however, they are 
available in single quantities from 
RadioShack.com (formerly TechAmerica) and 
Mouser Electronics, and in quantities of 10 (at 
a very low price) from MCM Electronics. Also, 
most suppliers do not stock 1% resistors with 
values below 10 ohms. 

For R1, | used a 1% three-watt type RS 
resistor, Mouser Electronics stock no. 71-RS2B- 
1.0. An alternative to 1% resistors is to mea- 
sure several 5% resistors and use the one near- 
est to the center of the measured values. 


LED 1 is a low-current (2 mA) LED, 
RadioShack 276-044 or similar. Unfortunately, 
the 276-044 and two others, 276-303 and 276- 


*saa text 310, are not listed in the 2001 RadioShack 


catalog. Checking with a local RadioShack 
store confirmed that they have been discontin- 
ued, although that store still had all three types 
in stock. Several 2 mA LEDs are listed in the 
catalog of RadioShack.com and one, part no. 
136282, is listed by Jameco Electronics. 
Several other parts suppliers also carry them, 
but you may have to search through the LED 
listings to find them. Super-bright LEDs also 
will often be bright enough at 2 mA to be used 
for LED1. Since LED current is determined by 
the series resistors, it is not necessary to 
change R4 and R5 when using a different LED. 
Ring indicator NE] is a type NE-2 neon 
lamp, also called type AA. High-intensity 
neon lamps (such as the NE-2H, also called 
C2A) cannot be used, as their breakdown (fir- 
ing) voltage (95 VAC) is higher than mast ring 
voltages. (The breakdown voltage of the NE-2 
is 65 VAC.) R3 and NE1 can be replaced by 
some self-contained 120 VAC neon pilot lights, 
which are easier to install. However, many of 
these use a high-intensity neon lamp, and 
there is usually no indication if the lamp used 
is a high-intensity unit or not, so it must be 
determined by testing. If you want to substitute 
another type of neon lamp, breakdown volt- 
ages for several types are listed in the catalogs 
of RadioShack.com and Mouser Electronics. 
The current rating should be one mA or less. 


Unfortunately, the RadioShack catalog no. 


272-1100 cannot be used for NE1, even 
though it is listed in the catalogs for 1999, 
2000, and 2001 as Lamp A1A (NE2). The 
272-1100 package is marked C2A (NE- 2H). 
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PhoneTester Parts List 


D1] - 1IN4003 or 1N4004 Silicon diode 

D2, D3 - 1N400!1 Silican diade 

D4 - 1N4738 Zener diode, 8.2 vaits 

LED] - Low-current (2 mA) LED (see text) 

RI - 1.0 chm, 1% resistor (see text) 

R2- 1,000 ohm, 1% resistor (see text) 

R3- 82K 1/4 watt 5% resistor 

R4-22K 1/4 watt 5% resistor 

R5-3.3K 1/4 watt 5% resistor 

C1 -0,1 uF 50-volt ceramic capacitor 

$1- SPDT toggle switch 

$2 - SPST push-button switch, normally closed 
$3 - DPDT toggle switch 

J1-RJ-1t telephone jack 

J2, J3 - tp Jack 

NE! - NE2 (AIA) neon lamp (sce text) 

PLI - telephone cord with RJ-11 plug (see text) 
Misc: Enclosure, wire, etc. 


Parts List — Optional Circuits 


LED2 - standard (20 mA) LED. green 

LED3 - standard (20 mA) LED, red 

LED4, LEDS - Low-current (2 mA) LED 

R6-270 ohm 1/4 watt 5% resistor 

R7-330 ohm 1/4 watt 5% resistor 

R8- 39K 1/4 watt 5% resistor 

R9-2K 1% resistor (see text) 

R10 - 2 Meg 1% resistor (see text) 

C2, C3 - 1.0 uF 250 WVDC capacitor 
(RadioShack 272-1055 or similar) 

TI - 600 chm - 600-ohm transformer 
(RadioShack 273-1374 or similar) 

J4- Mono phone jack (or other connector as 
desired) 

$4, S5, S6 - SPST taggle switch 

DPMI - Digital Panel Meter module (see text) 

B1 - Nine-volt battery 


The current is listed as three mA and the pack- 
age is marked “minimum voltage 95 VAC.” 
(Both indicate a high-intensity lamp.) The cata- 
log na. 272-1102 is listed both in the catalogs 
and on the package as C2A (NE-2H), so it 
cannot be used. ] have not checked the RSU 
11338928, but the catalog says it is an AQA 
(NE-2E), with a current rating of 0.7 mA, 

which could be used for NE]. Type NE-2 is 
available from several other suppliers, includ- 
ing RadioShack.com, Jameco Electronics, and 
Mouser Electronics. 


Telephone Cord Polarity 


A problem in building telephone acces- 
sories is line cord polarity. The wiring of a tele 
phone line cord is shown in Figure 2a. This 
has sometimes been called “straight-through” 
wiring (Telephone Repair illustrated, Stephen 
J. Bigelow, TAB Books (1993), pages 93 and 
95), but if the plug terminals are numbered, as 
in Figure 2a, it is actually cross-wired; terminal 
| of one plug is connected to terminal 4 of the 
other plug, terminal 2 to 3, 3 to 2, and 4 to 1. 

Because of the cross-wiring of cords, a 
coupler used to cannect two cards to make a 
longer cord, must also by cross-wired (Figure 
2b). In most cases, the black and yellow wires 
are not used, They may be used for the sec- 
ond line in a two-line Installatlon, and the black 
wire has sometimes been used for ground. 
When you buy a single-line telephone, the line 
cord with it often has only the red and green 
wires. Most replacement cards have all four 
wites, but there is sometimes a low price on 
two-wire cords. 

As a further complication, there are cords 
and couplers avallable, intended for data use 


Figure 4. Alternate ring Indicator; 
replaces R3 and NE1 in Figure 1. 


(networking/computer sharing), which look 
like telephone cords, but are straight-wired (1 
to 1, 2 to 2, etc.). Both types of cords are list- 
ed in the catalogs of Jameco Electronics, 
Marlin P. Jones & Associates, Hosfelt 
Electronics, and All Electronics. 

] have not found straight-wired data cards 
listed by any other supplier, and they have been 
dropped from All Electronics’ recent catalog 
(no. 500), but there are reports of cards being 
purchased for telephone use which were found 
to be straight-wired (Nuts & Volts, Fred 
Blechman, Mar. 2000, page 86, bottom of col- 
umn 1.) 

Some circuits for telephone accessories 
have been published which use jacks for both 
input and output. Since such a device is actu- 
ally a coupler with extra circuitry between the 
input and cutput jacks, it must also be cross- 
wired. It is also necessary to check the input 
cord used with it to make sure it is cross-wired. 
| prefer a permanently attached input cord and 
plug for the PhoneTester. It needs to be 
checked only once, when it is built. 

How do you make sure of the polarity of 
your PL1 input cord? Check it! Telephone 
cords can be purchased which have a plug on 
one end and wires on the other. If you have a 
phone cord crimping tool, RJ-11 plugs, and 
flat telephone wire, you can make a cord. | 
usually buy a cord with plugs on both ends 
and cut it in half. [n this case, on one end, the 
red wire will be negative, and on the other haif, 
it will be positive. In any case, the PhoneTester 
input cord should be checked to make sure 
which wire is negative. (For this reason, I did 
not indicate wire colors on PL1 of the 
PhoneTester schematic.) 

One method for checking polarity of the 
cord is to use an RJ-11 telephone jack which 
has color-coded wires or terminals. Cannect a 
DC voltage source to the jack, negative to red 
and positive to green. Plug the cord being 
checked into the jack and use a voltmeter to 
determine which wire of the cord is negative. 
Another way is to plug the cord into an in-use 
telephone jack and use a voltmeter to deter- 
Mine the polarity of the output wires of the 
cord. In this case, it is necessary to make sure 
the in-use jack has the correct polarity, since 
you may find reversed polarity in existing 
phone wiring. This can be done by using a 
phone line polarity tester such as the 
RadioShack 43-104, or by removing the cover 
of the in-use jack and using a voltmeter to 
make sure the red wire is negative. 

After determining which wire from PL] is 
negative, it is connected to the junction of R1 
and J2. The positive wire is connected to the 
junction of the green wire from J1 with S1 and 
S3. You may want to connect the yellow and 
black wires between PLI and J1. If the red wire 
fram PL! Is negative, connect yellow to yellaw 
and black to black. If the red wire from PL1 is 


positive, connect yellaw to black and black to 
yellow. (Most telephones and commercially- 
sold accessories will work even if the input 
polarity is reversed. This is done by feeding 
polarity-sensitive parts of the circuit through a 
full-wave bridge rectifier, which will have the 
correct output polarity regardless of the input 
polarity.) 


Testing 


First, connect a DMM to measure the resls- 
tance between J2 and J3. With $1 in the volt- 
age position, there should be no reading on 
the highest range. With S1 in the current posi- 
tian, the reading should be one ohm, and with 
S2 pressed, 1,000 ohms. Next, change the 
DMM to DC voltage, and plug PL1 into a work- 
ing telephone jack. (Testing the jack for cor- 
rect polarity has been described above.) With 
§1 in the voltage position, the meter should 
read about 48 to 50 volts. LED1 should light in 
the normal position of $3, and not light in the 
reverse position. 

With 31 in the current position and S3 in 
the normal position (LED1 lit), the meter 
should read about 2 millivolts, indicating a cur- 
rent of about 2 mA through LED1. With S3 in 
the reverse position, the meter should read 
zero. Pressing S2 to test for leakage in the 
PhoneTester should also give a reading of zero. 
A telephone connected ta J1 should work nor- 
mally. 

The easiest way to test ringing indicator 
NE1 is to have a friend call your number. On 
some older phone company equipment, if you 
dial your own number and hang up, your 
phone will ring. On newer equipment this fea- 
ture — called ringback — requires a code num- 
ber which the phone company does not usual- 
ly want to give out. 


Using the PhoneTester 


As mentioned, the PhoneTester can be 
used ta check your wiring and equipment by 
connecting it at the telephone interface box. 
PL1 of the PhoneTester is connected to the 
jack in the interface box. The plug in the box is 
connected to Ji of the PhoneTester. The volt- 
age should be near 50 volts. The leakage cur- 
rent — when the line is not in use — should be 
a few microamps. (Note that when measuring 
either current or voltage, S3 should be in the 
position where LED1 is not lit. The 2 mA cur- 
rent of LED1 will cause a drop of about three 
valts in the line voltage.) It is a good idea to 
measure and record these values when the 
telephones are working properly. My home 
phone wiring, most of it about 40 years old, 
has a total not-in-use current of about 10 
microamps, with four telephones connected to 
the wiring. Linein-use Indicators, which light an 
LED when the line is in use, have a few 
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microamps of notin-use current. (The notin- 
use current af the RadioShack 43-443 is four 
ta five microamps.) If used, these will raise the 
total leakage current. 

The PhoneTester can also be used at indi- 
vidual telephone jacks to test for proper volt- 
age and polarity, and to test the equipment 
connected to that jack for leakage and for 
Proper in-use current. As mentioned earlier, 
FCC regulations specify a maximum current — 
when the line is not in use — of 10 microamps 
for each telephone or other unit, and the actual 
current of most units is much lower. 


Optional Circuits 


Adding the circuit in Figure 3a to the 
PhoneTester allows feeding audio from the 
phone line to a recorder or amplifier. 
Transformer T1 is a 600 to 600 ohm unit 
which can be salvaged from an old modem or 
purchased from most parts suppliers. C2 must 
have a working voltage rating of at least 100 
VAC or 250 VDC, because of the ring voltage. 
It cannot be a nonpolarized electrolytic, they 
have too much leakage. J4 can be any desired 
connector, | used a quarter-inch phone jack. 
This circuit can also be used to feed audio into 
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Figure 5. The PhoneTester input 
cireult with a digital panel meter 
added, to eliminate the need for a 
separate digital multimeter. 


a phone line (such as for music-or-hold), but it 
requires a source of low-impedance line-level 
audio. | have used the headphone jack of a 
small stereo. | made an adapter with a stereo 
phone plug at one end and a mono phone 
plug, to connect to J4 of the PhoneTester, at 
the other end. A 47-ohm load resistor is con 
nected from each output terminal of the stereo 
plug to the commen terminal. A 600-ohm or 
larger isolation resistor is connected from each 
output terminal of the stereo plug to the center 
terminal of the mono plug. 

The basic PhoneTester in Figure | allows 
measurement of the on-hook voltage and leak- 
age current, but a telephone must be connect- 
ed to J1 to allow measuring the off-hook cur- 
rent and voltage, which could be low because 
of a high-resistance connection in the wiring. | 
added the circuit in Figure 3b, a “standard” 
load, to the PhoneTester to allow measurement 
of off-hook values without connecting a tele- 
phone. On my phone line, this load produces 
an off-hook voltage of 9.45 VDC, with a cur- 
rent of 26 mA. This will vary slightly on differ- 
ent lines, because of variations in the on-hook 
voltage and the line resistance. LED2 and 
LED3 are standard-current (20 mA) LEDs, 
which also give a second check of fine polarity. 


Parts Suppliers 


RadloShack.com 
P.O. Box 1981 
Fort Worth, TX 76101-1981 
1-800-THESHACK 


www.radioshack.com 


Mouser Electronics 
958 N. Main St. 
Mansfield, TX 76063-4827 
1-800-346-6873 
www.mouser.com 


MCM Electronics 
650 Congress Park Dr. 
Centerville, OH 45459-4072 
1-800-543-4330 
www.memelectronics.com 


In addition to other parts, 
the following also carry DPM]: 


Jameco Electronics 
1355 Shoreway Rd. 
Belmont, CA 94002-4100 
1-800-831-4242 
www.jameco.com 


Ali Electronics 
P.O. Box 567 
Van Nuys, CA 91408-0567 
1-800-826-5432 
www.allelectronics.com 


Cireult Specialists, Inc. 
220 S. Country Club Dr. 
Mesa, AZ 85210 
1-800-528-1417 
www.web-tronics.com 


Hosfelt Electronics 
2700 Sunset Blvd. 
Steubenville, OH 43952-1158 
1-688-264-6464 


Marlin P. Jones & Assoc., Inc. 
P.O. Box 12685 
Lake Park, FL 33403-0685 
1-800-652-6733 
www.mpja.com 


A ting indicator which can be substituted 
for R3 and NE] is shown in Figure 4. LED4 
and LEDS are — like LED] — low-current (2 
mA) units. Without C3, one of the LEDs would 
light from the 48 VDC on the line. Like C2, C3 
must have a minimum working voltage rating 
of 100 VAC or 250 VDC. 

Hf the PhoneTester will be used frequently, 
it will be easier to use if it has a built-in meter 
instead of using a separate DMM. Figure 5isa 
schematic of the input portion of the 
PhoneTester with a digital panel meter, DPM] 
added to make a self-contained unit. (This will 
tequire a larger case. S3 and the circult to the 
right of S3 are the same as in Figure 1.) DPM1 
can be one of the low-priced units (about 
$10.00) available from several parts suppliers. 
Those with a power supply rating of 7 to 12 
volts are usually designed ta be used with a 
nine-volt battery. The DPM basic voltage range 
should be 200 millivolts. The voltage divider — 
R9 and R10 — produces a 200-volt range for 
measuring phone line voltage. The ratio of R9 
to RIO should be | to 999, but with o ratio of | 
to 1,000 — as in Figure 5 — the error Is only 
0.1%. 

For an Important phone line, the circuit in 
Figure 5 could be used as a permanently 


installed line monitor. S3 and the components 
to the right of S3 in Figure 1 would probably 
not be needed, except possibly the ring indica- 
tor. The values of RQ and R10 would need to 
be increased to at least 5K ohms and five 
megohms, with 10K ohms and 10 megohms 
better, to keep the line-not-in-use current below 
the FCC requirements. One-percent resistors 
are nat readily available with values above two 
megohms, so R10 could be made of 1% resis- 
tors in series, or by measuring several 5% 
resistors and using one in the middle of the 
range. 

The ninevolt battery could be replaced by 
a small nine-volt power supply. However, even 
with DPMs called “isolated power supply,” there 
/s an internal connection between the power ter- 
minals and the common input terminal. Since 
the common input terminal of the DPM is con- 
Nected to one side of the phone line, the output 
of the power supply must be well isolated to 
Prevent unbalancing the phone line. Power sup- 
plies with a three-prong grounding plug often 
have the negative output grounded to the plug 
ground prong. These could not be used, even a 
fair-sized capacitor from the power-supply out- 
Put to ground or to one side of the AC line 
(sometimes used for EMI reduction) could 
unbalance the phone line. 


Problems 


Because of the small space between the 
contact wires in RJ-11 jacks and plugs, spilling 
any conductive fluid into them may cause 
leakage between the red and green wires, 
which are next to each other. When | had this 
problem in my phone wiring, the only apparent 
problem was in ringing. The higher ring volt- 
age caused visible sparking between the con- 
tact wires, and ringing was weak. This 
occurred before | built the PhoneTester, but { 
think the leakage would have shown up in 
leakage tests with the PhoneTester at the 50 
VDC on-hook voltage on the line. 

l alsa have had leakage in $3 of the 
PhoneTester and in PL1. The leakage in $3 
was apparent in the leakage test in the 
PhoneTester, but to find the leakage in PL1, 1 
built an auxiliary tester. This is an RJ-11 jack 
with a 1,500-ohm, two-watt resistor connected 
to the green terminal. | have a bench power 


supply with a maximum output voltage of 
about 46 volts. | connected this to the resistor 
and to the red terminal of the jack, with a 
DMM, on its 200-millivolt range, across the 
resistor, making a leakage tester similar to the 
leakage test in the PhoneTester. The test jack 
itself is first checked for leakage, then PL1 of 
the PhoneTester is connected to the test jack 
to test for leakage In the PhoneTester. 

This test Jack can also be used to test a 
telephone or other item without connecting it 
to a phone line. Power supplies of other volt- 
ages — as low as 15 volts — can be used by 
changing the value of the resistor. Using a typi- 
cal off-hook voltage and current of 7 volts and 
28 mA, a minor rearrangement of the Ohm's 
Law formula gives the value of resistor R for 
any supply voltage V: 


R={V-7) 
0.028 


The specifications of the 1N400x series 
diodes give a maximum reverse leakage cur- 
rent of 10 microamps. This amount of leakage 
in D1] would affect leakage measurements, 
although the prototype PhoneTester shows no 
leakage reading when S3 is in the reverse posi- 
tion. | tested about 25 1N4004 and 1N4007 
diodes, using a 50-volt power supply and leak- 
age test circuit of the PhoneTester. None of 
them gave any reading on the meter, indicat- 
ing reverse leakage of less than one 
microamp. It appears that the actual reverse 
leakage of most 1N400x series diodes is much 
less than the specified maximum. IF you want 
to be sure of preventing reverse leakage in D1 
from affecting leakage measurements, a DPDT 
switch with a center off position (such as 
RadioShack 275-664) can be used for $3. 

] have mentioned the FCC leakage require- 
ments, but not that the FCC test specifies a 
test voltage of 100 VDC. Usually, using the 
PhoneTester with the 50 volts on the phone 
line or from a power supply will find any leak- 
age, but if you want to test at 100 volts, a suit- 
able power supply can be connected to the 
auxiliary test jack, with the resistor changed to 
3,300 ohms, 5 watts. At 100 volts, the current 
will be 20 microamps for 5 megohms and 10 
microamps for 10 megohms; but be careful, 
100 volts can be dangerous, even deadly! NV 
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by Robert Nansel 


Amateur Robotics 


ext | have a few words to 

say about the hearts of 
I robot builders. We don't 

often think about the most 
aA impertant component of 
our robotics designs — our own per- 
senalities. Personality unavoidably 
affects everything we do. from tools 
we use to the metaphors by which we 
desenbe ourselves. and maybe there's 
something to !eam there. But first. I'll 
jump right into the PDM. 


Power to the Steppers 
Mi; four-chase step motors are 


rated fer 18a per phase at cne volt. 
and since Id be driving them with the 
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windings arranged in two sets of two 
series-connected windings, that meant 
each motor would require 1.8A at 2V to 
produce its full rated torque. Since | had 
three motors to run, | needed a power 
supply rated for 3 x 1.8 = 5.4A, right? 
Well. maybe not. 

] was puzzled about why Dan 
Mauch's documentation for the 
Camtronics three-axis 2A Chopper 
called for a 10A, 12V supply. By my 
previous analysis. I "knew" that three 
2A step motors would require just 6A, 
Why had Dan apparently over-designed 
his power supply? Dan is conservative, 
but 167" seemed overkill, even for him. 

1 dug deeper. 

The problem, ! soon concluded, 


was with my origina! analysis. Back 
when I was designing my power supply, 
] had neglected to remember that two 
phases of each motor would be drawing 
current at a time instead of just one. 
Call it sleep deprivation or battle fatigue 
— Nadav was just a month old at the 
time, so 1 had some excuse. Whatever 
the case, | discovered the error long 
after | had ordered all the parts for a 
supply designed to produce only 8A. A 
stupid mistake, I know, but it happens. 
As a calculus professor of mine once 
told me, “You know engineers aren't 
perfect, because otherwise there would- 
n't be such things in the world as 
shims.” 

Shucks and other saltier com- 


ments. 

Okay, start over. Three motors 
with two phases on, means, um, [lef's 
see ... carry the one, drop the calcula- 
tor, scratch my head, try again ...) | need 
3x 3.6A = 10.8 amps. Throw in a cou- 
ple 12V cooling fans and the current 
draw of the chopper drive board, and 
the current required of the power supply 
comes to over 11 amps. 

That can't be right, can i? The 
Camtronics board is rated to drive 2A 
per phase motors. Three such motors 
would require 12A by this reasoning. 
Now | was beginning to wonder if Dan 
had under designed the supply. 
Knowing Dan, this seemed unlikely. 
What was really going on? 


1 Machine bed, 1 ea, hot-ralled steel channel, 
10" x 3" x 5" x 24'L (26 lb/ft) 


2 Column bracket, 2 ea, hot-rolled steel angle, 


2° x2" x V4'TX10"L 


3 Column bracket, 2 ea, hot-ralled steel angle, 


2" x 2" x /4"'T x 6'L 


4 Z-axis bracket, 2 ea, hot-rolled steel angle, 


28 x 2" x 14"T x 10.75". 


5 Column, | ea, hot-rolled rect. steel tube, 


6" x 4" x 1/4'T x 24"L 


© Enco Heavy-Duty Mill & Drill 
Model 201-2536 


Table, 


7 Enco Compound Slide Milling & Drilling Table, 


Model 201-2826 


& Power Supply and Step Motor Drive Chassis 


REAR 


Power Supply Basics 


The recommended supply is unreg- 
ubted, so the voltage presented to the 
kad will vary depending on the load 
current. With no load, the output of the 
fulwave rectified DC power supply 
rises to about 1.4 x the RMS AC voltage 
of the transformer secondary, less the 
two diode drops of the bridge rectifier; 
the output of a 12V supply would be 
abou! 12V x 1.4 - 1.2V = 15.6V with 
no load. Under full-rated load, the volt- 
age pulls down to about 12V. 

An unregulated supply always has 
some ripple in the output vollage 
(120H2, if it's a full-wave rectified sup- 
pl). The amount of 120Hz voltage rip- 
ple expected is roughly: 


Vripple = Iload / (120 x C) 


Dan's design called for a 10,000 
MFD cap. At the rated 10A with the 
same filter cap, the ripple would be 
about 8V. If the voltage at the ripple 
peaks was 15V, then the voltage at the 
troughs would be 15V - 8V = 7V: an 
important number because the SV reg- 
ulator on-board the chopper board 
requires a minimum voltage input of 7V 
fot proper requlation. 

If you draw more than 10A from 
the supply, the voltage will naturally 
dp, so at a 12A draw, Dan's supply 
seemingly shouldn't work at all, at least 
from the point of view of the 5V regu- 
lator. Then, too, if you draw too much 
aurrent, the transformer would burn up. 
Was 124 too much? 

Was Dan just running the supply at 
120% of rated power? Had I somehow 
gotten the ripple calculation wrong? 
Step motors and transformers are 
sometimes able to run at up to 135% 
rated power without harm. 

Time to call Dan. 


The Thumb Rules 


It tums out I had inadvertently been 


right the first time I calculated my power 
supply requirements. Dan explained it 
to me, but | still don't understand it well 
enough to explain it to yall. {I'll get back 
to you when I do understand it, though.) 

I've seen several functioning CNC 
systems built by Dan, and those systems 
all worked fine with the 10A power sup- 
ply. His rule of thumb, based on years 
of experience driving stepper motors 
with bipolar chopper drives: 


Design as if only one phase per 
motor will draw current and multiply 
their combined current draw by a 
safety factor of 1.25. 


The minimum current, then, far a 
system of three 2A per phase motors is 
3x 2x 1.25 = 7.5A. For my motors, 
the minimum would be 3 x 1.8 x 1.25 
= 6.75A, so my 8A supply will also 
work fine (for that matter, my supply 
would work with 2A motors, too; Dan 
picked 10A transformers for his sup- 
plies because he got a good deal on 
them). 

Yes, the worst case current draw — 
all three motors stalled and both phases 
of each energized — is still 12A, and 
that would be hard on the power supply 
and the motors. His chopper board 
takes care of that, though, with an auto- 
matic Hold Current feature that drops 
the current down to a safe level (typical- 
ly 25% of the running current) when the 
motors aren't stepping. 


Other Design Issues 


Once I have basiec-level functionali- 
ty, safety is my biggest cancer. In a 
shop environment with flying dust and 
metal chips, there are a few must-haves 
for any electrical equipment: 


+ Fuses or circuit breakers 
+ Electrically grounded enclosure 
« Visible status 


That last point may not be as obvi- 


ous as the other two. Heavy Iron Is an 
automatic machine tool with potentially 
dangerous moving parts; just because 
it's motionless now doesn't mean it 
can't bite you. It's important to know at 
a glance what parts of the system are 
powered up and active. At minimum, 
you need a lighted power switch and 
separate power-on indicators for each 
axis. 

Reliability ls also a safety concem. 
Flaky systems are not just annoying, 
they are dangerous. | attacked reliability 
by keeping things as simple as practical, 
both electrically and mechanically. 

T always try to visualize what my 
designs will look like after they've been 
in service for a lang time, covered in 
grime, scratched up, perhaps dented. Is 
it still a system I'd like to work with? Will 
I be able to reach everything easily, and 
will my tools fit in the space allotted? 
The shop environment demands a 
rugged enclosure, but | also want easy 
access to the internals without the need 
to tear everything apart. 


Conflicting Requirements 


The enclosure must keep out dust 
and metal chips but allow good ventila- 
tion to keep the chopper board cool; it 
must be big enough to fit the chopper 
board and power supply, yet small 
enough to mount on the column of 
Heavy Iron. It would also be nice if it 
were cheap, readily available, electrical- 
ly shielding, and easy to machine with 
hand tools. 

The size and shape of the enclo- 
sure are dictated by ease of servicing, 
the size of the chopper board, and 
power supply components. Cooling 
fans are essential, yet I still want to 
allow for passive convection to supple- 


ment the fans; that means allowing for 
a vertical ventilation path. 

My first tradeoff was to use a lower 
current supply than what Dan's docu- 
mentation called for. To keep costs low, 
I wanted to use an off-the-shelf enclo- 


sure and parts. Picking the transformer 
and enclosure was my first order of busi- 
ness. 

Dan's 10A transformer, though 
cheap, was too tall at 3.375" ta fit most 
of the inexpensive aluminum enclosures 


Marin Ve 
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Robotics 


(Chass trout d Be mayer corponerea of the 
Powertpey ind Fara sapper dower, Chasis 
Own Corer wh Cover memewed The chopper 
dee teed a mrenged veteay on the open 
certetine of he chases © e'oe pasave comecton 
oirg eta tans ty becrrent erpicsons, 
et "A per ams) In econ, taka and exhaut 
trea ecelbeatad Bottom andl top reine wen Pw Lod 
Sree eng hear ni ts mmant exrvecton poling a 
tagher cmertetete—up in 2A per int. Each axa 
32. cen conects, fuse, and ehtue neice. 
Cac corece prvdes eons) pre crews 
eee mapper eer, a pre fa ower bor Hore, 
eed Lov! recta ret here expereon such as en 


in which the chepper might also fit. 1 
solved the problem ty choceing two 
small transformers. This turned cut to 
be mare flauble — and cheaper. 

The Chopper beard is 5.6°D x 
68° Wx 22H. and I wanted an inch or 
two space an all sides af the board. 
Enclosure chase came down to a 17" x 
10° x 4° chassis with plain flat plate 
cover vs. a chassis 12” x 8‘ x 3° with 
cap cover. | chose the Litter because it 

wes more ngid with trangulur renlorce- 
ment gussets the covcr was more ngid, 


(O35) 


a 


toa, and sealed against the environment 
better. As with the transformers, two 
small fans were easier to work with than 
ane big one. This allowed me to keep 
the ventilation axis on ihe centerline of 
the enclosure and that, in turn, allowed 
the main column of Heavy Iron to pro- 
ude a baffle aqainst flying metal chips 
entering ventilalion openings. 


Connections 


1 chese DBI5 connectors to con- 
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nect the steppers because they are 
cheap, rugged, dust resistant, and offer 
enough pins to add extra functionality 
fo individual axes, | investigated mili- 
tary-style circular connectors, but they 
come with a military-style price: over 
$16.00 per connector sel, compared to 
under $6.00 for a DBI5 set. Plus, they 
are smaller. 

An JEC medular power connector 
and line filter helps tsolate 110 wiring 
and line noise from the chopper board. 


Left Panel 
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the chassis, with separate fuses for each 
axls and LED indicators to show status 
as mentioned earlier. An illuminated 
switch completes the design. 


Alchemy and Bonsai 


Whew! All that hard work has put 
me in a beer mood, and as night follows 
day, beer leads direcily to philosophy. 
An ongoing interest of mine Is the saci- 
ology of robot bullding. | know some 


Miniature fuse holders save space Inside | folks claim us qearheads have no lives 


Robotics 


and that's why we build robots, but I dis- 
agree. 

In my other life, I'm a science fic- 
tion writer, which makes me something 
of an armchair anthropologist, too. 1 
spend time wondering about what 
makes people tick. It begins by asking 
simple questions. My favorite questions 
have lately been Who builds robots? and 
Why do they build them? [ tend to think 
of two personality types, which I label 
the Alchemist and The Bonsai 
Gardener. 

The first is the image of the robot 
builder laboring alone, secretive, like an 
Alchemist In a dusty laboratory, pro- 
gramming obsolete microcontrollers, fil- 
ing aluminum angle, breathing soldering 
smoke, all energies focused on extract- 
ing that one secret that will make robots 
practical. Believing no one else shares 
their compulsion to transmute base met- 
als and semiconductors into cybergold, 
alchemists must invent (and reinvent) 
the mechanisms and circuitry of their 
robots — alone. 


Robotnugen? 


Sometimes, when a robot is only 
partly done, they sense possibilities of 
fame and wealth. Like a current, it tugs 
at them, urging them on. It could hap- 
pen, you know: a small flash of insight 
cascading through improbable luck and 
hard work, seeking to run over finally to 
that deep pool, the reservoir of hard- 
wan electromechanical truths that make 
machines work. Call it design elegance, 
or call it Robotnugen {remember the 
Volkswagen commercials?), but let this 
robot be the one that has enough of it 
to fulfill the dream |. 

Mostly the robot never gets fin- 
ished. In some cases, that's just as well 
because the act of constructing a failed 
robot teaches its own valuable lessons; 
in molding the machine, the builder is 
malded. It is the best education possi- 
ble if you are receptive to it. Being 
open can turn failure into serendipity — 
the good luck that comes to those who 
are prepared for it. 

Unfortunately, alchemists cling to 
their preconceptions of how the process 
should go and, in doing so, create an 
adversarial relationship with their 
robots. They strive to force the machine 
to match the image of the ideal robot. 
Images are illusion, so their efforts will 
fail and they will not learn from that fail- 
ure. Alchemists are not prepared to fail, 
nor are they really prepared for luck. 


Robotic Gardens 


How can you prepare for luck? 
One way is to regularly divest yourself of 
Preconceived notions about what a 
tobot should be. This is the rabot 
builder as a technological Bonsai 


lf you have suggestions, questions, 
or comments about amateur robot- 
ics topics, you can now reach me 
at: 


Robert Nansel 
Box 228 
Ambridge, PA 15003 


Emall: bnansel@nauticom.net 


Gardener, sowing ideas and encourag- 
ing growth. Bonsai gardening is as 
much a discipline as a style. Bonsai gar- 
deners don't seek to wrest secrets from 
an unwilling universe; rather they per- 
suade potential to emerge. Their rela- 
tionship to work Is that of collaboration 
between creator and created. Design Is 
a two-way communication process. 

Gardeners advance hypotheses, 
the designs accept or refute, the gar- 
deners reformulate, the robots react, 
and so on. Like bonsai gardening, build- 
ing a robot is a process of numerous 
course corrections, each step small, 
purposeful. The Bonsai Gardener will 
change as much as the tree in the end, 
bending a twig to suit the gardener's will 
and, in turn, the gardener's will bending 
to suit the twig. For the bonsai garden- 
er, robotnugen is about the journey, not 
the destination. 

Another aspect of the robot- 
builder-as-gardeners is they share infor- 
mation with other gardeners. 
Alchemists rarely share secrets because 
they must work so hard to mine them in 
the first place. Gardeners know that 
ideas are meant to be shared, that they 
have more than one relationship to the 
world. If their ideas shape other garden- 
ers' gardens, so will those gardens 
shape them. Gardeners work for long- 
term gains; alchemists work for the big 
splash. 


Notebooks 


The differences in philosophical 
outlook between alchemic and bonsai 
approaches manifest in less 
mystical/paetic ways, too. Gardeners 
keep notebooks, not polished, but com- 
plete — including failures. And they 
share their notes with others often. 

Alchemists rarely keep adequate 
notes, and when they da, they tend 
toward the purpose of proving priority 
in patent disputes. Their notes obscure 
and deny failure. They won't share their 
notes for fear of losing advantage. 

Another practical difference is the 
scale of their projects. Alchemists prefer 
big, risky projects that reek of individual 
glory; instead of a lowly office-mail- 
delivery robot, they prefer battlefield 
robot tanks, idiosyncratic and incampat- 
ible with all that has gone before. 

Gardeners work incrementally, 
building whole systems of carefully craft- 
ed modules. Upgrading mail-delivery 
robots to deliver meals in hospitals is 
more to their liking than robot tanks. 
Compatibility and teamwork are their 
hallmarks. 

As with any classification scheme 
that compartmentalizes people, this 
alchemist/bonsal dichotamy is a gross 
oversimplification. We all have both 
alchemist and bonsai gardener tenden- 
cles in us. Both can serve useful func- 
tions. 

To be a successful robot builder, 
you must find the proper balance 
between the lone-wolf alchemist and the 
bonsai gardener. When you achieve this 
balance, you will know the bliss of 
Robotnugen. 


Too Much Philosophy 


Or too much beer. In elther case, 
I'm outta here. NV 


Part 
cl 
Fl 
F2-F4 


Description 

10,000 MFD, S0WVDC electrolytic capacitor 
Miniature fuse (5mm x 20mm). 2A, fast-acting 
Miniature fuse (Gmm x 20mm), 2A, slow-blaw 


Fan1,2 2-3/8" sq. x 9/16" 12VDC box fan 
J14-J16 DB15 15-pin female connector, solder cup, tin 
J17+419 DB15 15-pin male connector, solder cup, tin 


J20 
J2t 


2-pin right-angle friction lock male header 
2-pin cenler crimp terminal housing 


LED1,3 Red, diffused T-1 (3mm), panel-mount LED 


R1-R3 
si 


71, T2 Transformer, 110/220VAC Input, 12VAC output 


ul 

Mise: 
1 ea. 
1 ea. 
4 ea. 
2 ea. 
1 ea. 
1 ea. 
le. 
1 ea. 
3 ea. 
6 ea. 
4 ea. 
2 ea. 


Suppliers: 


1.1K-chm, 1/4W, 5% carbon film resistor 
Uuminated rocker switch, SPST 15A, 125VAC 
w. amber neon lamp & internal resistor 


25A, 400V PRV bridge rectifier 


3-axls 2A Chopper/Step Motar Driver kit 
Vertical capacitor mounting hardware 
Panel-mount miniature fuse holder 

Fan quard for 2-3/8" fan 

6-ft 3-wire IEC cord set 

IEC connector/lne filter, GA 250VAC 50-60Hz 
8'W x 12"D x 3H aluminum enclosure 

8" x 12" aluminum enclosure cover 

DB-15 conn. backshell, shielded plastic 

4-40 female hex screwlock conn. hardware 


Hex threaded standoff, alum. 6/32, .25" x .375" 


Crimp terminals for J10 


Camtronics Inc. 
18230 130th Place NE 
Bothell, WA 98011-3118 


www.seanel.com/~ dmauch 


Tel: 
Fax: 


emai!: dmauch @seanet.com 


Digi-Key Corporation 
701 Brooks Ave. South 


Thief River Falls, MN 56701-0677 


www.digikey.com 


Tel: 800-344-4539, 218-681-6674 


Clreta #147 on the Reader Sarvice Card. 


Fax: 218-681-3380 Tel: 


Fax: 


1d) ee 
MPJA 7840-7R 
Mouser 625-GEPC2504 
Camtronics 
Mouser 539-VR3 
Mouser 441-R3-12 
MPJA 8660-FN 
Mouser 173-63101 
Mouser 562-857-06/27 
Mouser 537-8123 
Mouser 537-8123C 
Digi-Key 915CA-ND 
Digi-Key 160-10F-ND 
Digi-Key 2209K-ND 
Digi-Key WM2200-ND 


Marlin P. Jones & Associates Inc. /MPJA 


BO. Box 12685 


Lake Park. FL 33403-0685 


www.mpja.com 
800-652-6733, 561-848-8236 
800-432-9937, 561-848-8299 


Mouser Electronics 
958 North Main Street 
Mansfleld, TX 76063 
www.mouser.com 
800-346-6873, 817-483-6848 
817-483-6899, 817-483-6898 


Serial in, graphics out. 


Almost too 


easy. 


These serial displays take RS-232 at 2400 or 9600 baud 
and produce stunning text and graphics on a supertwist 
LCD screen. See our complete line at www.seetron.cam. 


All models are in stock for immedia 


G12032 
120x32-pixel LCD 


sax $99.00 

«+ Same size as 2x16 text LCD 
+ Editable fant{s) in 4 sizes 
«Up to 6 screans in EEPROM 
* Easy terminal protacal 


a 


Display te 
& graphics 
with the 


612864 


(3.7.x 2.810.) 


www.seetron 


Scolt Edwards Electronics, Inc + ph 520-459-4802 « tx 
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te delivery. 


2% 1.4 In.) 


G12864 
128x64-pixel LCD 
$199.00 som 


= Large, sharp LCD 
+ Editable font(a) 


m 6* Up to 14 screens in flash 


+ Separata taxt, graphics layers. 
+ DBS connector built In 

+ AC adapter jack builtin 

+ Easy terminal protocol 
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intelecamn Syztems 
Matca, inc. _. 
Polane indusines _____. 


Flamaey E! L005 48 
Meena ee Prairie D.gital, Inc. 49 
Pulsar, Inc, . oe 


Tha BlackBoxCamera Ca. Ltd. 


The Mercury ‘Group . 


EDUCATION 


EMAC, Ine, . 
“2B Protean Logic, ne. 


eae A 
ae EVENTS/SHOWS 
eS ae 


CIRCUIT BOARDS 
74 


Cunard Assoaates . 


19 C&S Sales, tne. 
49° Component Kits, 
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Earth Compuler Technologies . 
Electronic Goldmine 
EMAC, ine, ...... 
Gateway Elacironics, Inc. 
HVW Technologies, In 
Information Unlimited . 
inkjat Southwest 
Quality Kits ...... 
Ramsey Electranics, Inc. 
Aobat Steve... = . 
Scott Edwards Electronics, Inc. 


Information Unlimited 
Meredith Instruments 
Resources Un-Ltd. . 

Unicom Electronics 


MISC. /SURPLU 


All Electronics Corporation 
C and H Sales Company .. 
Designtech Engineering Co. 
Electronic Goldmine ... 

Gateway Electronics, Inc. 
Halted Specialties Co. 

Ledvision Holdings, Inc. 
Linear Systems 
PCB Express, Inc. 
Picard Industnes . 
Resources Un-Ltd 
Shreve Systems ... 
Unicom Electronics . 
Viking Systems International 
Vistect, INC... none 


PROGRAMMERS 


General Device Instrum 
HVW Technologies, Inc 
Intronics, Inc. 

f42L Electronics 
mictoEngineering Labs 
Sun Equipment Carp. 
Véorldwyde 


Bayin Pubticalions 
Conzumentonics 

Mouser Electronics 
Square 1 Electronics 


RF TRANSMITTER 
RECEIVERS 


Abacom Techno! 
Hatco, Ine. ...... 


ROBOTICS 


Bran Thomas Robotics 
HVW Technologies, In 
Inception Systema, Inc. 
Lemos Internalianal Gi 
Lynxmotion, inc. 
Protean Logic, Ine. 


Robot Store.......... 
Tho Mercury Group 
Zagros Robalics .. 


Baylin Publications 
Worldwyde 


CCTV Outlet ... 
Consumertronics 
Information Unlimited 
Intallicam Sysiems ... “ 
Lemas Internalianal Co. Ine 
Matco, Ine. ..... 
Polaris industries 
Visilect, Inc. .. 


STEPPER noe 


Alltronics 
Component Kits, LLC. 
The Mercury Group 


TELEPHONE 


Bilocon Comp. .. 
Globaltech Distributors 


Allison Technology Corp. 
C&S Sales, Inc. 

C and H Sales Company . 
Circuit Specialists, Inc. 
DesignNotes.com 
Intronics, Ine . 
J-Works, Inc. 
Labmetric, Inc, 
Pioneer Hill Software ...... 
Prairia Digital, Inc. 
Saelig Company 
Sun Equipment Corp. 
Tes! Equipment Connection 
Western Tesi Sysiems . 
Westshora Technologie: 
Worldwyde | 


HERMOCOUPLE WELD 


Bunell Scientific 


C &§ Sales, Inc. 
Sun Equipmont Corp. 
The AF Connection .. 


WIRE/CABLE 
& CONNECTORS 


Rogars Systems Spaciallst 
Tha RF Connacllon ....000 


by Jeff Mazur 


| Build this security module for 

| your X-10 home automation 
| System and never worry again 

| about someone inadvertently 

| controlling your lights and 

| appliances, Best of all, no 

| modifications are necessary to 
any X-10 modules or the power 
| line — simply plug i in the 

| X-Lock and you're protected! 


jP"his magazine has given its fair 
share of coverage to the X-!0 
brand of products (see Dec. 
2000 and May, Jun. 2001 issues). While 
X-I0 has become associated with 
new security and wireless devices — 
such as its wireless cameras — it is 
still best known for the carrier cur- 
rent devices sold under various brand 
names for the last 20+ years, These 
lamp and appliance modules have 
formed the basis for many home con- 
tro! and automation systems. It is this 
reference to X-10 for which this arti- 
cle applies. 


The Problem 


The X-10 system enjoys wide- 
spread use for controlling lights and 
appliances via signals carried over the 
AC power line. One of the drawbacks 
of this system, however, is that other 
homes on the same power feed (or 
other apartments and offices within 
the same building) have the potential 
for interference. Although the system 
was designed with “house codes" to 
address this problem, there are sever- 
al reasons why this is not adequate. 
To begin with, the interference may 
nat be evident until it's too late. "So 
what," you might ask, "if someane else 
controls my appliances?" 

Consider the following scenar- 
los. You control your coffeepot via the 
X-10 system. One day, a neighbor 
purchases an X-10 system and starts 
using It to contro! his/her home using 
the same house code (after all, there's 
only 16 to chaose from; | wonder 
what percentage leave on code A). Or 
worse yet, the bored teenager next 
door starts going through all the 
house codes to see what he (no way 


it would be "she") can turn on, Either 


Figure I. 
way, your coffeepot turns on — and Details of 
stays on — for who knows how long the X-10 
(hopefully, you're not out of town). transmission 
And hopefully you have a home to scheme; 
come home to! a)I20 KHz 

One solution to this problem has bursts 
been to install a costly and cumber- imposed on 


power cycle, 


some power line filter directly to the and 6} 


main circuit panel (assuming you can 

actually do this). Mast likely, the serv- Pemesee ese 
ices of an electrician will be required. typical 
In apartment and office buildings, this command. 
may not even be allowed. 

Or picture this. The same coffee 
pot You have a friend come over and 
they bring their toddler with them. 
While you're talking, you don't notice 
the child pick up one of your X-10 
remotes. Perhaps thinking it's a TV 
remote — or randomly punching but- 
tons just as children do with the tele- 
phone — hefore you know it that 1110 
darn coffee pot gets turned on again. Start Code 
Just as you're leaving for the airport! 


ee 
0110 11100 
House Code '‘& Key Number ‘2° 


PICL-2464 $99.00 


Sharp LM24014 240 x 64 LCD 
E.L. Backlight 

5° x 15/16" Viewable Area 
PIC 16F877 Re-Programmable 
Switches, A/D & UO Bits 


42.1 TFT LCD Monitor Kit 
$299 


A Complete 12.1 TFT 
LCD Kit With Controller 
and 180 Nit 16.7M XGA 
Panel 


SK-2005R $299 


CORA 


Pow Ap woo “The World Wide LCD Source” 


Clecla #110 on the Reader Service Card. 


12.1 INDUSTRIAL MONITOR 
amg} $399 


Rugged Matal Casa 
On Screen Display 
Free Z-Mount 
Resistive & Capacitive 
Touch Sereen Options 
Availabla. 1024 x 768 
16.7 Millian Colors 


MTR-EVUE-12 $399.00 


3” NTSC VioEo LCD 


3° Sharp Calor TFT 
NTSC Composite In 
Campiete Monitor! 
12 Valt Operation 
{deal for Security 


MTR-NTSC-3 $99.00 


Http://www.earthicd.com 


see a8 — == 32701 Calle Perfacta - San Juan Capistrano, CA 92675 


Ph: (949) 248-2333 Fax: (949) 248-2392 
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The X-Lock's 
Interesting 
Heritage 


initial incarnation of 
. this project involved a 
rather bizarre combina- 


‘tion of components. An old 
RadioShack Plug 'n Power can- 
troller designed for the TRS-80 
was commandeered to serve as 
a temporary interface to the 
power line. Since designing a 
circuit to connect directly 
across the AC powerline can be 
quite tricky (not to mention 
dangerous!). this gave me a 
quick way to begin testing the 
software.A small modification 
was necessary to allow the 
controller to receive, as well as 
send X-10 commands. 

The RadioShack controller 
was designed to connect with a 
TRS-80 computer via its cas- 
setre in/out interface (yes 
Virginia. we used to load and 
store programs on plain old 
audio cassette recorders). With 
the help of a simple adapter, 
| was able to connect this to 
the brains of this project — an 
Apple Il computer! 

Once the concept had been 
Proven, the next step was to 
design a self-contained. direct 
AC-powered interface (to 
replace the RadioShack 
controller) and to select a 
micracontroller to replace the 
Apple Il. 


The Solution 


While these scenarios might 
seem a bit melodramatic, the truth is 
any unwanted control of your devices 
would at best be an annoyance. And 
the addition of a simple “security 
module” can add much peace of mind 
ta your entire home contral system. 
The module described here is just 
such a device. It simply plugs into the 
wall anywhere in your house,and pro- 
vides protection against unwanted 
commands controlling your lamps and 
appliances. No wiring changes are 
necessary, Just dial in your house cade 
and plug it in! 

Once installed, you go through a 
brief training mode where you set up 
passcodes (from | to 7 digits) to arm 
and disarm the security feature. Then 
you ean place the module into one of 
two security modes. For casual use 
and highest security, use the single 
deactivation mode. With this function 

enabled. no modules aan be con- 
trolled without first entering the dis- 
arm passcode as a prefix. Once 
entered, the system will allow com- 
mands to be sent for only a short pre- 
set amount of time (or until no com- 
mands have been entered for that 


{UI 
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SEapeees 


Ul 
COPASCRSLVAS 
(COPESCROIIVAS) 


Mode Switch 


Figure 2. Schematic 
diagrams of the 
a) analog, and 
b) (see appasite page) 
digital boards inside 
the X-Lock. 


- 
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amount of time). Any commands 
issued outside this window will be 
ignored preventing the neighbor or 
taddler from accidentally doing harm. 

The other mode operates more 
like an alarm security system. Here 
you use your arm and disarm pass- 
codes to enable and disable the X- 
Lock module appropriately. Thus, you 
might arm the module when you 
leave for the day and disarm it when 
you return. This obviates the incon- 
venience of having to enter a code 
each time you wish to contral some- 
thing. 

So now, instead of unplugging all 
of your modules before you leave on 
a trip,a simple ALL UNITS OFF com- 
mand followed by your arming pass- 
cade will let you rest assured that you 
didn't leave anything on. And if you 
use computer or timer controls to 
automate your house, they can easily 
be programmed to issue the pass- 
codes giving you both automatic and 
secure control of your devices. 


How it Works 


The details of X-10 signaling have 
been covered in many previous arti- 
cles, so we'll just review the basics 
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needed to explain the aperatian of 
the X-Lock. Figure | shows the for- 
mar of a typical X-10 transmission. 
Note that every data bit is sent twice 
— once in true form and then imme- 
diately followed by its inverse — or 
negated — value. Every message 
(except bright/dim commands) Is also 
sent two times in its entirecy. 

Signaling is accomplished by 
imposing three | mS bursts of 120 
KHz RF onto the line during a half 
cycle of the power frequency (60 Hz in 
the US) to indicate a “one;" the 
absence of these bursts indicates a 
“zero,” Nate that the bursts are syn- 
chronized to the 60-Hz line frequency 
and timed to begin juse after a zero 
crossing. A special "start code” pre- 
cedes every command stream to signal 
that a new transmission is beginning. 

For more info on the X-10 spec- 
ifications and protocal, see one of the 
various websites cited in the refer- 
ence section. 

To prevent unwanted X-10 sig- 
nals from activating our modules, we 
need to constantly listen on the 
power line for any activity.As soon as 
a start code is received, we can pre- 
sume that a valid X-10 command is 
being sent. The next four bits recelved 


indicate the house code associated 
with the command. At this paint, we 
can determine if this house code Is 
“ours.” If so, we need to examine the 
transmission further; otherwise we 
can ignore the rest of the signal since 
it is for someone else's module. 

If the command house code 
matches ours, we then need to deter- 
mine whether the command repre- 
sents a number burton (I-16) or an 
“action” command. This depends upon 
the lasc data bit (D16); a one in this 
"function" bit signals that this is an 
action such as ON, OFF, or DIM. This 
is where the X-Lock springs into 
action. 

If it senses a real action command 
being sent to our hause cade — and 
assuming the X-lack has not been 
previously disarmed — it somehow 
needs to block the command from 
being recognized by the module being 
addressed. It does this by sending a 
high level "jamming" signal that is sim- 
ply juse 70 mS of the 120-KHz carrier. 
This jamming signal overrides the 
remainder of the rogue command and 
the beginning of the second, repeated 
command. This prevents the 
lamp/appllance madule from recog- 
nizing a valld command and It will not 


respond. Actually, most madules 
require both transmissions to be 
error free before they react; but just 
to be sure, we jam in the middle of 
the function bit of the first transmis- 
sian to make sure no valid streams 
get through. 

When not jamming, the X-Lock 
120 Kis Dive also laoks for the proper arm and dis- 
tin arm passcode sequences. In Mode | 
{high security, single deactivation 
operation), when the disarm passcode 
is correctly received, the X-Lock tem- 
porarily goes ta sleep allowing the fal- 
lowing autherized commands to be 
sent unjammed. While sncozing, it 
keeps an ear on the line and waits 
until no more signals have been trans- 
120 Kits Recs mitted for a preset amount of time. 
cE! When this window closes, the X- 
Lock re-arms itself and begins pro- 
tecting the line again. In Made 2 
{arm/disarm operation), the disarm 
passcode permanently disables the X- 
Lock until the arming cade is 
received. 

One minor detail is also accam- 
plished whenever disarming the X- 
Lock. Since che passcode numeric keys 
are received by all modules while they 

are entered, any action keys pressed 
ae after entering the passcade would be 
va acted upon by these madules. 

In other words, if the passcode 
was |-2-3 and then you pressed 4 
ON to turn on module 4, modules 1, 
2,and 3 wauld also go on.To prevent 
this, the X-Lock sends a dummy com- 
mand (actually the seldam used HAIL 
ACK command) just before disarm- 
ing. This resets any previously 
addressed modules so they do nat 
respond, 


o Microcontroller Selection 
ON issu 


As for the brains of this device, 
several microcontrollers were exam- 
ined. Readers of this magazine may be 


very familiar with the PIC cantrollers 
: oN f MicroChip. M: X-10 desi; 
Figure 3. Digital board on left connects via > rom sBlicroChipabany ats 


ribbon cable to analog board on right. ee ea per : ee 
gram. For this design however, | chose 
to use a COP8FLASH microcon- 
trofler from National Semiconductor. 

The COP8FLASH microcon- 
troller family provides a number of 
features, which make the design of 
this device much simpler. In several 
cases, specific features of the micro- 
controller allowed a function normal- 
ly designed in hardware to be moved 
into the software code, adding flexi- 
bility and reducing parts count (and, 
of course, cost). 

For example, the design calls for a 
keyable, 120 KHz oscillator. In almost 
every other X-10 implementation, this 
is provided by an analog circuit using 
tuned components. While having a 
CPU generate this signal sounds triv- 
lal, very few microcontrollers would 
be up to the task Creating this signal 
using a software loop would require 
very fast instruction times, not to 
mention the difficulty in creating a 
symmetrical loop and maintalning a 
stable frequency and dury cycle for an 
extended period. 
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Figure 4. Duplicating the rotary switches 
using a portion of the original Printed 
Circuit Board, 


Initially, | planned ta rely upon an 
external oscillator using the micro- 
controller ca simply gate it on and off. 
However, the PYVM mode of the 
COPS timers seemed perfect for the 
job. Using the high-speed made, | was 
easily able to create an independent 
oscillator and cantrol the phase of its 
off state. 1 even found a way to ali- 
brate the frequency, further eliminat- 
ing parts from the hardware side. All 
in all, quive a savings in parts, board 
space, and manual construction. 

Non-volatile storage was essen- 
tial ta saving user parameters across 
power outages. Since only a small 
amount was needed, the ability to 
create a Virwal EEPROM within the 
on-chip flash memory made for a very 
efficent design. Himination of other 
components — such as two rotary 
switches — is also possible with soft- 
ware, although this would complicate 
the user interface and operation 
appreciably. 

High current drive allowed a 
bipolar LED to cennect directly 
across two data outputs for user 
feedback. 

Another part-saving design is che 
120 Hz = interrupt — generator. 
Normally, this requires a full wave 
bridge supply or a differentiator to 
create 120 Hz from the 60-Hz power 
line. The bridge approach adds com- 
plexity and prevents using one leg of 
the power line as a common ground. 
A differentiator would add an asym- 
metrical delay to the zero crossing 
detection. 

Instead, this design uses the pro- 
grammable edge detection on the 
interrupt inputs available in the 
COPS. Thus, after triggering on the 
positive edge of the power cycle, the 

COP4 is reprogrammed to look for 
the next negative edge. The next 
interrupt then reverses this and the 
cycle repeats. 

Low power CMOS technology 
May not seem vital co this design, 
hawever being powered directly off 
the AC powerline places several 


restrictions on the size of compo- 
nents for a given supply current Thus, 
the COP8's low power requirements 
translated into an efficient, low-cost 
power supply circuit Other power- 
saving features of the COP8 may 
prove useful in future designs that add 
battery back-up operation. 


Building the X-Lock 


After building a prototype to test 
out the feasibility of this design (see 
sidebar, "The X-Lock's Interesting 
Heritage’).! examined the options for 
building a self-contained interface. 
Anyone who has tinkered with X-10 
and computer control is probably 
aware of the TW523 interface which 
X-10 makes available for such proj- 
ects. However, the TW523 does not 
output the data stream during the 
first transmission and unfortunately, 
this design “feature” makes it unsuit- 
able for our purposes. 

Therefore, all of the functions of 
receiving and transmitting X-10 sig- 


PARTS LIST 


Analog Board 

Cl - 1000 uFd, 35VDC electratytic 
capacitor 

C2 - 22 ufd, 250V NP mylar 
capacitor 

C3 - 0.22 uFd, 250V NP mylar 
capacitor 

C4 - 300 pF, 100V capacitor 

C5 - 0.001 uFd capacitor 


C6 - 0.033 uFd, 206 polyprapylene 
capacitor 

DI - IN4748A zener diode, 22V, 
iw 


D2 - 1N4003 diode, 200V, IA 

D3,D4 - 1N4148 silicon diode 

DS - 1N4761A zener diode, 75V, 
Iw 

Fl - 250 mA fuse 

LI - 180 wH, 250 mA inductor 

MOV -V130 type transient 
suppressor 

P| - line cord/plug 

O1-Q3 - 2N3904 NPN transistor 


ee _ _ #2» 
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nals would have to be included, as well 
as a control system. To be truly self- 
contained, a power supply would also 
have to be built within the madule. 
The complete schematic is shawn in 
Figure 2. 

The simplest way to construct 
this project is to "cannibalize" a lamp 
or appliance module; if you have a 
defunct module, all the better. Several 
key components can be salvaged from 
the module (unless, of course they 
were the reason the module failed) 
and the empty case is a perfect enclo- 
sure for the completed project. 

Like the donor madule, the X- 
Loek is buile on two circuit boards: a 
digital board and an analog board (see 
Figure 3). The digital board contains a 
single active device — the 
COP8FLASH microcontroller 
(MCU). Except for a few bypass 
capacitors and programming header, 
the only other circuitry an this board 
is a 3.58-MHz crystal with its load 
capacitors and a dual color LED. 

On the back of the digital board, 


Q4 - 2N5550 NPN HY transistor 

RI,2 - 330K ohm 1/4W carbon 
resistor 

R3 - 1.5K ohm |/4W carbon 
resistor 

R4.R6 - 10K ohm 1/4W carbon 
resistor 

RS - 10 ohm 1/4W carbon resistor 

TI - 120 KHz signal transformer 
(Toko PIN 707VX-A042YUK) 

UI - 78LO5 regulator IC, 5V 


Digital Board 

Cl - | uFd,25VDC tantalum 
capacitor 

C2 - 0.1 uFd, 25VBC mono 


capacitor 
<3, cf. 20 pF capacitor 
LEDI - bipolar, three color LED 
RI - 470 ohm 1/4W carbon resistor 
SW 1, SW2 - 16 position, 4 pole 
switch 
UI - COP8SCRI microcontroller 
XI - 3.58 MHz erystal 


circuit traces implement the two |6- 
position rotary switches. This is easily 
accomplished using a cut-off portion 
from the danor module to provide 
this function (see Figure 4).This board 
mounts to the top half of the module 
case, where the wiper portions of the 
rotary switches reside. The digital 
board then connects to the analog 
board inside the bottom half using 2 
five-conductor ribbon cable. 

The analog board comprises a 
power supply and interface circuitry 
to condition the 60-Hz and 120-KHz 
detectors and the |20-KHz drive sig- 
nal, The power supply has rather 
unusual requirements in that it must 
connect directly across the 120-VAC 
power line, drop a considerably high 
voltage without dissipating too much 
power, handle the transients and 
noise commonly found, and allow 
coupling of the 120-KHz signals. A 
power transformer could be used, but 
would unduly add to the cost and size 
of this device. 

Like other devices designed for 
power line carrier communications, 
this module uses a capacitor to 1s0- 
late and drop most of the incoming 
120V (340V P-P) AC signal. A rectifier 
and zener provide a rough 22V supply. 
An RF choke is also placed in series 
with the incoming line to keep the 
power supply from swamping out the 
signaling RF imposed on the line. The 
22-volt supply is used solely by the 

120-KHz drive circuit via a tank coil 
which is part of a tuned circuit to 
couple as much signal to the line as 
possible. This supply also feeds 4 
7ALO5 regulator IC that provides +5V 
to the remaining circuit (including the 
MCU). 

The same tuned transformer 
used by the drive circuit is also used 
by the 120-KHz RF detector. The RF 
present on the line is multiplied by 
the turns ratio of T] and the Q of this 
circuit (roughly 7-10) yielding a .2-50V 
P-P signal, which is fed to a 
squared/integratar (Q2, Q3, and C5). 
The output from the integrator is 
normally high, buc remains low as long 
as the 120-KHz RF is present. 

This signal is presented to the D4 
bic of Port L of the MCU. More 
elaborate detector circuits could be 
used (such as one based on the 
obsolete LMi893 Carrier-Current 
Transceiver), but this simple design 
has proven very effective. 

The power line is also squared 
and buffered by QI to provide a ref- 
erence signal to the MCU. This signal 
is applied to the DS bit of Port L The 
Program detects both positive and 
Negative zero crossings of the power 
line to synchronize the detection 
algorithm, 

The MCU generates a !20-KHz 
signal co “talk” on the power line. This 
Squarewave Is Independently created 
by the MCU Timer 3 operating in Its 
PWM mode. Thus, the program only 
needs to set a single control bit to 
toggle the oscillator on or off. This sig- 
nal, which comes out the T3A pin of 
the MCU, is used to drive Q4 which 
places the drive signal across the sec- 


ondary of TI. The tuned circuit cre- 
ates a nice sinewave, which is coupled 
anto the power line. 


The Firmware 


Listing | (which is available for 
download at www.nutsvalts.com) 
shows the software needed to run 
the X-Lock. It is burned into the 
CPU's flash memory and controls the 
entire operation. If anybody adapts 
this cade to work on a PIC, let me 
know! 


Installation and Passcode 
Programming 


Set the House Code switch on 
the X-Lock to match your other 
modules. Set the Moda Switch (Unit 
Code) to position 16 (Passcode 
Programming). Plug the X-Lock into 
any Convenient outlet. You may wish 
to choose a location where you can 
see the module and its indicator LED. 

Setting the X-Lock Mode switch 
to Position 16 allows you to program 
the disarming and (optional) arming 
Passcodes. Each passcode ean consist 
of 1-7 "digits." where a digit is any 
numeric or function key except DIM. 
Programming can be accomplished 
from any controller. Follow this pro- 
cedure to enter your passcades: 


1. Set Mode switch to position 
16. LED should be off. 

2. Press the "DIM" key. LED 
should blink red. 

3. Enter up to seven digits for 
your disarm passcode. Note that 
some controllers send two com- 
mands for a single keypress (e.g. 2. 

.B. 2- 
ON). This would be considered wo 
digits and may require two buttons on 
other controllers. 

4. Press the "DIM" key again. LED 
should blink green, = 

_ 5. Optionally, enter up to seven 
digits for your arm passcode (used by 
some modes). 

6 Press the "DIM" key once 
more. LED should turn off. 

7. After programming, change the 
Mode Switch to the desired operating 
mode position (see below). 


NOTE: You can skip step 5 if you 
do not want a separate arm code; in 
this case, the arm code will be the 


same as the previously entered dis- 
arm code. 


Operation 


Simply dial in the desired operat- 
ing mode. You may choose from: 


Hi-security mode (Mode |) 

In this mode, the X-Lock will 
continuously monitor the line and 
Prevent any X-10 activity. This is indi- 
cated by the red LED showing that 
the system is armed. To control your 
devices, you will first need to enter 
the disarm passcode. After entering 
the proper code, the X-Lock will dis- 
arm (LED turns green). You can now 
fend whatever commands you wish. 


The system will remain disarmed for 
a fixed period of time following the 
last command issued (i.e., until no 
keys have been pressed for that 
amount of Ume). The defaule time is 
12 seconds but may be changed using 
the Advanced Programming made. 
When the disarm period expires, the 
X-Lock will return to the. armed 
mode and prevent any further access. 


Armidisarm made (Mode 2) 
When the mode switch is placed 
in position 2, che LED will turn red, 
indicating that the system is armed. 
When you wish to gain access, enter 
the disarming passcode (LED turns 
green). This allows unrestricted con- 
tro! of your X-!0 modules. To restrict 
access again, enter the arm passcode. 


Advanced programming made 
(Made 15) 

Used to change the disarm win- 
dow tme. 


1, Sec Made switch to position 
15. LED should be off. 

2. Press the "DIM" key. LED 
should blink green. 

3. Enter desired time key (see 
table). LED will go off. 

4. After programming, change the 
Mode Switch to the desired operating 
mode position. 


Window Timing Table 


Key Time (sec) 
3 8 

7 20 

14 32 

{0 60 


Other LED Indications 


When the system is armed, the 
LED will flash green when it detects 
any attempt to send a command. 

If the X-Lock detects an error 
condition, it will disable itself and 
alternately flash red and green. Move 
either switch to reset the X-Lack. 


Computer Control 
If your X-10 system contains any 


timer or computer interfaces, you will 
need to re-program them to send the 


REFERENCES 


David Rye, Technical Note, "The X-10 POWERHOUSE 


PAID 
SUBSCRIBERS 
ARE 
AUTOMATICALLY 
ENTERED 
EACH MONTH! 


This month's sponsor ... 


IR Check aut ra od 
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oger's _ 


= 


| 
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Specialist Inc. 


Altec Lansing — 
Three-piece 
Subwoofer! 

ystem 
igh quality, high 
performance 
Three-placa syitam 


I. oan audiophile power and quality to desktop © 
audio 

=C teltit d and 
a realy gnelded ites are powered an 


Systems 


- Powered subwoofer extends the low frequency 
response to add realism and bass 


www.Rogerssystems.com 
661-295-5577 * Fax: 661-295-8777 


This month's winners 


To Subscribe — Just fill in and mail the card 
supplied in the magazine or call our tall free 
order line at (800) 783-4624 wilh a Visa ar 
MasterCard. if you do nat wish to order a 
subscription, but would like to be entered 
in our drawing, simply send or email your 
name, address, and telephone number to 
Nuts & Volts, 430 Princeland C1, Corona, 
CA 92879 or drawing@nutsvolts.com. No 
phone entries accepted. All orders/entries 
must be received by the last day of the 
month to be included in that particular 
manth’s drawing. 


disarm cade before each command 
(or set of commands, if they are sent 
as a group). Since many controllers 
must send an “action” key with each 
program step, you should pick a pass- 
code such as 13-ON, | 2-OFF, 13-OFF 

Of course, the same applies to 
sending the arm code for Mode 2. 
However, since the system is "active" 


Robotzone.com 
ServoCity.com 


Circle #50 on tha Raadar Service Card. 


while the armcode is being sent, these 
commands will be acted upon by any 
madules that happen to be addressed. 
Using the previous code as an exam- 
ple, this would cause module 13 to go 
on then off and module 12 to goa off. 
For this reason, you may with to 
restrain your passcodes to unused 
unit numbers. NV 


hetp://wew.smarthameforum.com/x10-shtml 
hetp:/iwww.execulink.com/~hometech/x!Ofaqa-hom 


Power Line Interface Model #PL513 and Two-Way Power 
Line Interface Model #TW523" 
LM1893/LM2893 Carrier Current Transcelver 


Datasheet, National Semiconductor, 1995. 


Web Sites: 


http://www.x10.cam/ 
heep:iwww.x | O.com/pressroam/pressroom_coretechn_ 


press.htm 


http://www.concentric.net/—Rebostonilist. htr 
Home Automation forums 


Main X-10 commercial site and technology theory 


http://www. 1 0.org/ 


Schematics of X-10 scuff and other hob 


hetpy/nav.webring.yahoo.comihubtringshome i 


http://www3.edgenet.netilingling/x!0-mo 
hetp://www.nysaes.cornell.edu/ce/staff! 


http:/iwww.automationfaq.comifam- 


servelcache/4. html 
FAQ pages 


auto&list 


homeauto/ 


ia 
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‘New Product News 


Mini-FlashLED™ 


EDtronics announces the Mini- 

FlashLED™ pocket flashlight, the 
newest addition to its line of high-pow- 
ered LED flashlights that integrate a 5mm 
discrete LED lamp, an anodized alu- 
minum casing, and a cabochon lens that 
optimizes the light intensity. 

LEO light output — measured in End 
Foot Candles (EFC) — is impressive: Blue 
32 EFC, Green 140 EFC, White 150 EFC, 
Red 100 EFC, and Yellow 30 EFC. 

This pocket-sized light measures just 
5" in length and weighs only 2.1 ounces, 
making it ideal for carrying in briefcases, 
backpacks, purses, and toolboxes. 

The lony;lasting LED lamp operates 
for more than 100,000 hours (10 years) 
before reqiiing replacement. Energy- 


Mini-FlashLED is available in six col- 
ors: Cool White, Ultra Red, Orange, 
Yellow, Aqua Green, and Pure Blue. 

Price is $26.50 per flashlight. Ask for 


WORKMAN MOBILE ROBOT 
PLATFORM 


he Workman Mobile Robot 
Platform was created to be the 
basis of a specialized mobile robot. 
Suitable for applications such as 
education, industrial 
inspection, fire-fight- 
ing, etc., Workman 
provides plenty of 
surface area for sen- 
sors and other 
devices. Also ideal 
for the hobbyist, 
ya Workman addresses 
R the problem most 
} robot builders face: 
% designing a suitable 
; aliern: Measuring 
3 15"L x 19"W x 
10"H, —§ Workman 
solves this problem, 
enabling you to 
focus on the design and implemen- 
tation of the internals such as con- 
troller, power source, batteries, etc. 
The Workman platform is user- 


efficient, — “iini-FlashLED 
between 
the LED 
N-cell ° 
Also, tt 
fun on 
extenc! 
bright 


-ND PIC SINGLE BOAR 

CONTROLLER MODULES 

? THE PIC17C756 OR 
PIC18C658 


‘ect 
ble: 
micrac 


tems is offering pre-assem- 

aph End PIC single board 
roller modules for prototyp- 
ing or  -product use. 

: Tt» modules incorporate either 

§.268-p. SLCC PIC17C756 or a 68-pin 
PLCC F © 18C658 microcontroller on 
the main board. These microcontrollers 
represent Microchip's most powertul 
processo’s to date. The main board 
also includes all the necessary compo- 

MH nents and circuitry needed to power 
the microcontroller: 5-volt regulator, 
32.768 MHz external oscillator, and 
reset circuitry. In addition, the main 
board includes RS232 serial interface 
circuitry, a DB9 serial connector, a 
93LC66 serial EEPROM non-volatile 
memory unit wired to the 1/0 pins, an 
LED wired to one I/O pin, and a proto- 
typing area. 

A daughter board fits onto the 
main board through a S0-pin connec- 
tor. The standard "blank" daughter 
board contains a prototyping area so 
that different projects can be built onto 
separate daughter boards and still use 
the same main board. In addition, a 
dedicated daughter board can be laid 
out and fabricated for use in test fix- 
tures of end-user products. The main 


DRIVER16 EXPANSION BOARD 


IJK microsystems, inc., now has the 
Inew Drivert6 expansion board avail- 


“Mle for shipment. 


operates 
. 257 hours depending on 
on three replaceable E90 
Satteries of equivalents. 
FlashLED can house and 
\ alkaline batteries further 
operating time by reducing 


datasheet #105. 
For further information, contact: 


LEDTRONICS, INC. 

23105 KASHIWA CT., DEFT. NY 
TORRANCE, CA 90505 
310-534-1505 FAX: 310-534-1424 
WEB: www.ledtronics.com 


boards can be purchased in larger 
quatles at reduced rates for pilot pro- 

uction runs that use specialized 
daughter boards. Daughter boards with 
specialized components such as LCD 
modules, stepper motor drivers, etc. 7 
will be available as well soon. 

A programming adapter to adapt 
the 68-pin UV erasable 18C658 to the 
Microchip PICSTART-PLUS 40-pin DIP 
connector is also available. This will 
allow program development for the 
18C658 using the Microchip develcp- 
ment programmer. 

For more information, contact: 


TECH SYSTEMS 
125 BETHANY OR., STE. G 
SCOTTS VALLEY, CA 95066 
831-479-7000 
EMAIL: 
sales@techsystemsembedded.com 


www.techsystemsembedded.com 


as many as 16 high-current outputs. 

This miniature board (less than 2" 
square) ae users the capability of 
driving relays, lamps, and small motors 
directly. 


> activator, interna 
4 tronic circuit board, flash protection 


This new addition to the product 
line provides many JK microsystems 
single board computers the ability to 
convert regular TTL level 1/0 lines Into 


ye” 


Starting at $29.00 for one unit, the 
Driver16 is aggressively discounted 
with quantity orders. The development 
kit, which is only $39.00, contains a 


- 


x! 


4 


friendly. Made of four individual 
molded plastic enclosures, it is easi- 

+ drilled or modified to accommo- 
@ date your application. The modular 
| design provides compartments for 
, your internals. Two of the compart- 


a. 
TOTALLY REDESIGNED 


KUP-L-WELD® II 
THERMOCOUPLE WELDER 


he KUP-L-WELD® ii} 
Thermocouple Welder, was ongi- 
nally introduced by Burrell Scientitic, 
Inc., over 45 years ago. While the 
KUP-L-WELD Welder has been modi- 
fied over the years, Burrell took 
advantage of today's advanced tech- 
nology in redesigning it to improve 
control of the entire welding process. 
The original focus of the redesign was 
to have the KUP-L-WELD II Welders 

9 produce superior weld contacts that 
would ensure precise temperature 
monitoring. 

‘ Features of the new, self-con- 
tained KUP-L-WELD II Welder include 
an illuminated work area, graduated 
power control, peraaten power 

cooling fan, elec- 


m viewing screen, and a pen-style alliga- 
aa tor-clamp holder. 

The KUP-L-WELD II unit is 8" 
wide, 13-1/2" deep, and 9" high, so 
it takes up less than a square foot of 
counter space. The KUP-L-WELD 
weighs just four pounds, so it's easily 


ye ao 


ao 


Driver16 and all the items necessary 
for integration with the industry proven 
LogicFlex, Flashlite 386Ex, or ¥25 con- 
trollers. 


For additional information, con- 
tact: 


K MICROSYSTEMS, INC. 
1463 STH ST., STE. D, DEPT. NV 
DAVIS, CA 95616 
530-297-6073 FAX: 530-297-6074 
EMAIL: sales@jkmicre.com 

WEB: wwwjkmicro.com 


a 


ments house the motors (included), 
while the two remaining compart- 
ments contain components thal you 
specify. For instance, one compart- 
ment could contain a controller 
board, while the other could house 
battery and radio receiver. 
Boasting 8" 
drive wheels, 6" 
rear swivel wheels, 
and two high-torque 
worm-gear motors, 
this machine is a 
dynamo. Available 
in kit-form or com- 
pletely assembled, 
Workman is power- & 
ful, able to scale 
small obstacles with 
ease. It can handle 
light-to-moderate 
jobs such as pulling, 
pushing. or carrying 
small loads. 

The Workman Mobile Robot 
Platform kit sells for $239.00 
(unassembled). Manual with photos 
included. 7 

For more information, contact: 


KADTRONIX 
321-757-9280 
EMAIL: info@kadtronix.cam 
WEB: http:/ /www.kadtronix.com 


‘One 


moved. The metal case is finished 
with an abrasion- and corrosion- 
resistant paint. Access to the case is 
easy and components are readily 
accessible for servicing or replace- 
ment. 

Burrell Scientific recommends 
the KUP-L-WELD Il Thermocouple 
Welder for welding 30- to 14-gauge 
constantan; platinum, 
platinum/rhodium; iron constantan, 
and chromel-alumel. When the grad- 
uated power control is set and acti- 
vated to make a weld, the 115-volt, 
60-cycle unit can pull a minimum of 
19 amps to a maximum of 28 amps. 

For more information, contact: 


BURRELL SCIENTIFIC, INC. 
412-471-2527 FAX: 412-391-4231 
1-800-637-6074 
EMAIL: burrellsci2@aol.com 


93 


azine/Serremser 2001 


www.web-tronics.com 


Enclosed Switching Power Supplies UL 

Single. Dual & Triple Output Models Approved 
Triple Output Supplies 
LOOW, SV/12V/-5V As Low as $44.00 
100W, SV/IZV/-12V As Low as $44.00 

os 

Single Output Supplies Dual Output Supplies 

(SV, 12V, 15V & 25V) 100 W, SV/12V As Low as $38.00 ca 


25 watt series As Low as $20.55 ea.! 100 W, SV/24V As Low as $38.00 ca 
60 watt series As Low as $27.95 ea.! 50 W,5V/24V As Low as $27.00 ca. 
150 watt series As Low as $42.95 ea.! 


Note: These are NOT SURPLUS! 
200 watt series As Low as $50.00 ea.! 


www.web-tronics.com 


www.web-tronics.com 


Protek "| y Removable Hard Drive Rack We Seid Over 
2GHz RF ZOMly For IDE/Ultra DMA Hard Drives . 
Field AS 5 “This product can be ured with any 1-1/7 IDE hard 
4 dere up to I” high It inckider an electronic keyloct 
Strength for ule removal and inneron Made at ABS 707 
freprool plaitcUse thh product ta protect senu 
Analyzer hard defva data, cals your hard drive between work 
Wriee and hame ee even tet up éflarent usara with Their 
1orKee te Leer e 
iarro es (WFP, ‘own hard driven that they pbrywealy insert every time 
wile kiea TH feet [I they ure a PC. Other models avaiable from CSI. E 
fay rontee ten ier and RH20 series, which are panes RH-10C-ID 
a wethln tha Incertace design (DE or : 
- Rbsc paren ee ee inallebla, Soa www.web-lronick.com under “hard drive and 


accessorles” for more detain and pictures. 


Removable Hard Drive Rack with 
Auto Door And Cooling Fan 
+ Aue door on uw outer frame 
+ AS material of outer frame, High 
efficiency coolng tan 
_ 1 Wottowida patent pulling funcuon 


Orernet 
+ AD Frenne ure Mere Setected 
+ RSQTIC bor PC brnwetaca ind Promar 


See the web site for details 


+ CE Approved 
Auto-Temp GiB. : Conn tr Rahim covet 
Solder Station ( 4 Rete Nghe HOD ene 
with Ceramic «Not compatitle wrth our RH10 & AH20 #MR-27 
Element forget < series. Campatible with our AHI 7IDE 
Wid Cerne Meany a qn: jon si 2. 4 * ncn Detalis af www.web-fronics.com 
ere <p igote a Sire) ex Mini CCDs (B/W & Color) 
+ 1 Coremey Grouted avi ine 4 ni s ‘olor 
Pome Cont + Eosy t° es Search Ensi™ Speolali Sensational NEW Design for Small 
 Becatere ara Exe Tip Options Include oily Works Constantly ot < PJ Uhservation Cameras. Smaller and Better! 
+ Fast Beery Pectre Avoichie. See Web! Th added one” In Business > : Ultra Miniature Design 
Garena sammeeeeiecm> © + New em Since 1971 49 |" Sem ee 


CCD B&W Board Cameras 
+ ASIC CCD Area Image Sensor 
+ Extremely Low Power Consumption 


jetailed Sped 
aon the Web 
+ @5 Lux Min iiumination 


+ Built-in Electronic Auto tris far Auto Light Compensation 
Detailed Specs on the Web 


VM1030PA-B 10mmzlémmx25mm, Pinhole lens,12V°19.™ any qty. 
VM1030A 30nd Ommax2émm, Standard lens, 12°39." any qty. 


VM1035A 42mmx42mmx25mm, Standard lena, 12¥ with back light compensation 49. any qry. 


VMCB21 44mmx) 8 {mma2imm, with 6 infra-red LEDs, 12V '49.™ any qty. 


VM1036A 22mmx32mmx2Smm, Standard lens |TV, reverse mirrac image feature 149. any qty. 


Bullet CCD Cameras 
B&W and Color 
Seumt 


CED dros lmage Sensor for Long Camera Lite 
lailt-in Electrenie Arto Iria for Aute Light Compensation 
Aloaming, Ne Bi: 


+28 Min Lox Hwninstion (BE), 1 Lu Min Lex Mhaninstion (calor) 
VMBLT1020 B2W, 21 mm(D)x5Srm{1) '54.™ any qty. 
VMBLT1020W 84 W Weatherproof (na audio), 21 mm(D)x58.5mm(L) '79.™ any qty 


COGLOR CCD Mini Board Cameras 


+ Low Power Consumption 

+ TLux iiumination 

- Bullt-tn Electronic Auta Iris for Auto Detailed Specs 
Ught Compensation on the Web 

+ taternal Synchronization 

- 12Volts e 

- 400 TV Lines 

VM3010PA 1immz33mmxl 8mm, Pinhole len: with audio '129.™ any ary. 

VM3011-A 4Smmx40mma24mm, Standard lena with audio, single board *99.™ any ary. 

VM3010-A 33memx]3mmxt2mm, Standard lens with audio '129.™ any gry. 


mewi= DC to AC Power Inverters ! 
150 watt up to 3000 watt models! 


150w modified sine wave:$29.95(G-12-015B)Check Our Low Prices 


J@lw modified sine wave:$19.95 (G-12-030) 


150" pure sine wave:$69.00(G-12-1505) 
104s pure sine wave:$109.00(G-12-300S) 
800m modified slae wase:$139.00(G-12-300) 
1000" modified sine wave:$179.00(G-12-100) 
30006 modifed sine wase(phase corrected), 
(C-12-300)__. $489.00 


See Our web site for DETAILED Specs.! 


G12) mew 


Our Most Sophisticated DMI Waa Seid Gver £00 La:! Year! c 

with RS-232 Incerface & Software, 3-34 Dige 4000 Count, Ow 

Auto-Rargicg with Analog Bargraph Ly 
© Type Tarpereure Prote inchsted AG 
* Plea Sgral ter Loge B Autitte Test f 


+ Corea Deote Tot 


More Deloss 


on ou 
= Deck Lighe Wad Lite 

+ Da Hosa 

+ Say Denge UA 1D44 8 DELI EROTEK 506 


CIRCUIT SPECIALISTS, INC. 220 s. Country Club Dr, 


+ Golor Versions Only 32mm x 32mm 

+ Available in Standard Lens or Pinhole 
Lens 

+ All include Pre-Wired Cable Harness for 
Video & Power . 

+ 12V Regulated Power Supply Required (1Z0mA typ!= 
power consumption} 


+ 0.1 LUX Rating (AAW), 1 LUX (color) > 
+ CCD Area image Senaor for Lang Camera Life : 
+ Back Light Campensation Circult { ue 
+ Bulit-in Electronic Auto Iria Lens 


ich 

VMCW-H11A 32mmx32mmx0mm,Calar CCD with seandare 

wired cabling for video/audio, 12¥ DC Power "139.1 #129.65 

VMCW-H12A 2mmx32mmx 19mm, Color CCD with pinhate 

cabling for video/audio, 12¥ DC Power Input ?139.7/ 1129.75 0° 
VCC-3232 32mm x 32mm x 10mm, CMOS COLOR, std. lens, se - 

tpeeifications $79.00 / $72.00 5 or more 

VMPS-7184 25mmx2Smmx30mm, BW CCD with standard lens, 
cabling for videotaudlo, 12¥ DC Fower Input 59." / $49.5 or more 
VMPS-250A 25mmx2Smmz | $mm, BAW CCD with pinhole lens, pre 
cabling for videofaudio, 12¥ DC Power Input $59. / $49.5 ar more 


> 


VMBLT.IC1S9BW COLOR! Weatherproaf (na audia), 1 7mem(D)x88mm(L) $139.~ any qty. 


meee = O’Scope Offer 
BEST 30MHz! ONLY $299! % 
DEALS! 


NOW Offering 
Dish Network 


& 


Direct TV pail retin! #OSC-1030 
Great Equipment & Service “Vert Trigger 


See Our Website for our 
Incredible Offers ! 
Also GREAT HDTV Prices! 


*! Year C.S.1. Warranty! 
Includes | oscilloscope probe 


Manufactured for CSI by a leading 
O.E.M.manufacturer.See our website 
for detalled specifications! 


Digital Read Out 3Amp Bench Power Supplies 44S 


Available in 0-30 volt & 0-50 volt versions © 
High stability digital read-out bench power supplies featuring constant valtage 
and current outputs, Short-circult protection and current limiting protection | 
is provided. Highly accurate LED accuracy and stable line regulation make!) | 
the 3000 series the perfect choice for lab and educational use, 
Line Regulation: 2x10 * +Ima 
LEDAccuracy: Voltage 1% +2 digits 

Current 21.5% +2 digits 

Wave Line Noise: Sl mvrma 
Dimensions: 291mm «x 158mm x 136mm 


CS13003:0-20v/0-3amp 1-4 /599.00 5 +/589,00 
CSI5003:0-Sov0-3amps 1-4 /$129.00 5+ / 5119.00 
Bookmark our WEB Site! Many more Power 

Supplies are Available. Look Under Test Equipment ~ 


Mesa, AZ 85210 800-528-1417/480-464-2485/FAX: 480-464-5824 


PROFESSIONAL DISK DUPLICATION 


CLONE, TEST OR REPAIR ANY 
HARD DRIVE $995! 


www. proworkstation.com 


= 


© SUPPORTS IDE, SCSI, SCA & NOTEBOOK DRIVES 
* COPIES AND SERVICES HARD DRIVES 
* PRIN’ ~ TEST REPORTS ON YOUR PRINTER 
* DAL: SCOVERY MODE BUILT-IN 
Co, 
drive 
cop 
lis 
Eln 


hard drives with this pro service station. Sct up any SCSI or IDE 
your original software. Auach a blank drive and press stan. Make 
inkly and easily. 
suilt-in drive service system to make used drives run like new! 
. defective sectors, and restore hard drives to error-free condition with 
sry re-mapping system. Test hard drives for top reliability using the built- 
icature. Print analysis reports on any standard parallel printer. Get the 
ilogy used by drive repair services. Call today! 


2 5B MP3 PLAYER 


we -o3forme.com 


$395! 


after mail-in rebate 


* PLAYS OVER 10.000 SONGS FROM HARD DISK! 

= PLAYS STANDARD AUDIO AND MP3 CDs AND CD-R 
* DOWNLOADS MP3 FROM CD-R TO HARD DRIVE 

* POWER AMPLIFIER DRIVES SPEAKERS DIRECTLY 


MP3 is here! Get high performance digital sound and store over 15,000 songs 
on hard disk. Download aver 300 songs from a single CD! 

Grab new music from the net. Use your PC to create custom MP3 CDs with just 
the songs you like, Load them to the internal hard drive for realistic, 3-D theater 
sound. Patented digital signal processing gives you crystal clear sound, No PC 
connection is required. Connect any sterco system, or directly power external 
speakers. Get digital sound and roon-filling bass. 

The hard drive organizes your music in folders. 1D-3 tags display the title, 
album, and artist ona large LCD. Use the jukebox feature for an entire evening 
of great music. Play songs randomly or in sequence from the internal hard drive. 
Unlike CD changers, the AV certified 25 GB hard drive won't wear out, even 
under continuous use. Call now and try your MP3 player tomorrow! 
_____- CORPORATE SYSTEMS CENTER 

‘ x 3310 WOODWARD AVE. © SANTA CLARA, CA 95054 
( A ) WW, CORPSYS.COM 


408 330-5524 


COPY ANY CD NOW 
NO PC REQUIRED 


www.dupeit.com 


from $795! 


i CONE maa ALTARS CDUCAIE 


| 

. im) 
a 

# MULTI-FORMAT DUPLICATION - FAST AND EASY! 

« DUAL 8X DRIVES MAKE TWO COPIES AT ONCE 

© INTERNAL 25GB HARD DRIVE STORES IMAGES 

* PRO AUDIO MODEL HAS SP/DIFF AND ANALOG LO 


Cys) (=) (=) 
3 s 


Instantly copy music and CD-ROM compact discs. Make backup copies of your 
favorite music and software on rugged, permanent CDs. Produce discs quickly 
and economically. Make custam audio CDs with just the songs you like. 

Use our dual drive units to copy two CDs simultancously, or choose the Pro 
Audio model to make crystal clear music CDs from any analog or digital source. 


Dupe-It copiers are totally self-contained. No additional software or hardware is 
required. Call today for more information! 


MULTI DRIVE IDE DUPLICATORS 
www.driveduplicators.com : from $495! 


< 
—— 


Ca 
{ 


* COPIES EVERYTHING, PARTITIONS, O/S, THE WORKS! 
* BOTH STANDARD AND ULTRA, FOUR AND SEVEN DRIVE MODELS ARE 
AVAILABLE NOW! 


* THE ULTIMATE HIGH SPEED PRODUCTION TOOL FOR SYSTEM BUILDERS 
AND CORPORATE MIS 


Copy entire hard drives with ease. Multi-drive duplicators are an essential tool 
for dealers and system builders. Why spend hours installing and formatting 
drives when you can dupe them instantly? Work like the pros. Get your own 
multi-drive, stand-alone duplicators today. CSC offers a complete tine of four and 
seven drive copiers in both standard and ultra versions. Ultra madels transfer 
data faster than any hard drive! Rates of aver 1GB per minute are supported. 

Set up any IDE drive with all your original software. Attach blank target drives, 
and press “start”. It's that easy! You can duplicate four drives in less time than it 
takes to copy one on a fast PC! Your duplicate drives will be identical, bit-for-hit 
perfect copies, with all the files, partitians, and information on the original drive. 
Building systems is tough enough. Why spend hours installing software? Save 


time. Save money. Call today and let us Fed-X your duplicator for a risk-free 
evaluation! 


Over 80% of the Fortune $00 depend an CSC products. Shouldn't you? Call today. Most orders ship within 24 hours! Call now for more information and a free price 
comparison guide. Quantity discounts anv availabte for dealers and system builders. Copyright laws must be observed when duplicating CDs and hard drives. © 200! CSC. 


Cleela 47 on the Aaader Service Card. 


Nuts & Volts Magazine/Saptuman 2001 


Nuts & Volts Magazine tas published over 75 
“Stamp Applicaticns Columns” since 1995 for the BASIC 
Stamp hobbyist and enginser. These applications are now 
compi'ed in a 980-page t-vo-volume release entitled The Nuts 
& Vailts of BASIC Stamps . Order both volumes for only $49! 


The Nuts & Voits cf BASIC Stamps is 25 much of a BASIC 
Stamp reference took as it is an application idea guide. Ref- 
erence material includes the popular Beginner's Corner from 
Scott Edwards and Jon Williams’ examples of how to write 
vell-structure PBASIC code. An assortment of math and gen- 
eral command syntax examples to hélp you squeeze the most 
from your BASIC Stamp is helpful for all types of applica- 
tions, whether factory, hobby or educational. 
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Examples of applications in the Nuts & Volts of BASIC 
Stamps include: measuring water level, measuring tempera- 
ture and time, controlling DC motors, communication (using 
modems, RS-485, to the PC, etc.), using keypads, controlling 
large loads with solid state relays, interfacing Scott Edwards 
serial LCD modules (text and graphic), controlling Hitachi- 
compatible LCDs, sound and speech, lighting control and of 
course examples with 1-Wire and (?C with the new BS2p. 
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94-hour online ordering al www-parallaxinc.com or 


call toll-free 888-512-1024 (1-F, 7.m. t0 5 p.m. PST) 
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